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P51$6SOHLHQ ¿QGHW LQ HLQHP JURHQ 5LERQXNOHRSURWHLQNRPSOH[ 513 VWDWW GHP
6SOHLRVRPGDV VLFKDXVNOHLQHQQXNOHlUHQ513V VQ513VXQGEHU3URWHLQIDNWRUHQ
]XVDPPHQVHW]W(VJLEW]ZHL.ODVVHQYRQ,QWURQVGLHVRJHQDQQWHQPDMRUXQGPLQRU,QWURQV
GLHYRQ]ZHLYHUVFKLHGHQHQ6SOHLRVRPHQSUR]HVVLHUWZHUGHQ'LHVHHQWKDOWHQXQWHUVFKLHGOLFKH
*UXSSHQYRQVQ513V888XQG8VQ513VZHUGHQIUGDV6SOHLHQYRQPDMRU,QWURQV
EHQ|WLJW 8 8 8DWDF XQG 8DWDF ELOGHQ GLH IXQNWLRQVDQDORJHQ VQ513V ZHOFKH IU
GDV 6SOHLHQ YRQ PLQRU,QWURQV HVVHQWLHOO VLQG 'HU 8 VQ513 GDJHJHQ NRPPW LQ EHLGHQ
6SOHLRVRP)RUPHQYRU'LH8XQG8VQ51$VZHUGHQLQGDV6SOHLRVRPLQ)RUPGHV8
88WULVQ513VLQWHJULHUWLQZHOFKHPVLHHLQHDXVJHGHKQWH%DVHQSDDUXQJDXIZHLVHQ1DFK
$EODXIGHU6SOHLUHDNWLRQZHUGHQ8XQG8VHSDUDWYRQHLQDQGHUIUHLJHVHW]W8PGDUDXVGHQWUL
VQ513IUZHLWHUH5XQGHQGHU6SOHLUHDNWLRQ]XELOGHQPX]XQlFKVWGHU88+\EULGGXUFK
HLQH5HF\FOLQJ5HDNWLRQZLHGHUKHUJHVWHOOWZHUGHQ,P+HIHV\VWHPZXUGHGDV3US3URWHLQLP
+XPDQV\VWHPGHVVHQYHUZDQGWHV3URWHLQSDOV885HF\FOLQJIDNWRULGHQWL¿]LHUWXQGDOV
VSH]L¿VFKH3URWHLQNRPSRQHQWHGHU8XQG88VQ513V
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PLWGHU6SOHLUHDNWLRQJHNRSSHOWHQLQYLWUR$VVD\VNRQQWHJH]HLJWZHUGHQGDSDXFKDOV
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SURWHLQFRPSRQHQWVRI8DQG88VQ513V
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6DQG6U51$V7KLVSURWHLQLVZHDNO\VLPLODUWRWKH\HDVWU51$SURFHVVLQJIDFWRU123
ZKLFKLPSOLFDWHVDIXQFWLRQRISLQPDWXUDWLRQRI8DQG8VQ51$V
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VL51$ VPDOOLQWHUIHULQJULERQXFOHLFDFLG
VQ51$ VPDOOQXFOHDUULERQXFOHLFDFLG
VQ513 VPDOOQXFOHDUULERQXFOHRSURWHLQ
550  51$UHFRJQLWLRQPRWLI
6&$)  65UHODWHG&7'$VVRFLDWHG)DFWRU
6'6  VRGLXPGRGHF\OVXOIDWH
601  VXUYLYDORIPRWRUQHXURQV
70*  WULPHWK\OJXDQRVLQH
7ULV  WULVK\GUR[\PHWK\ODPLQRPHWKDQH
W51$  WUDQVIHUULERQXFOHLFDFLG
8$)  8VQ513DX[LOLDU\IDFWRU
873  XULGLQHWULSKRVSKDWH


 ,QWURGXFWLRQ
 3UHP51$SURFHVVLQJ
,QHXNDU\RWHVSULPDU\51$WUDQVFULSWVV\QWKHVL]HGE\51$SRO\PHUDVH,,DUHVXEMHFWHGWRD
VHULHVRISURFHVVLQJHYHQWVLQRUGHUWREHFRPHIXQFWLRQDOPHVVDJHV)LJXUH7KHP51$
SUHFXUVRUV DUH ¶ FDSSHG DQG WKHLU ¶ HQGV DUH SRO\DGHQ\ODWHG 6KDWNLQ DQG0DQOH\ 
7KHPRVWGUDPDWLFFKDQJHVKRZHYHURFFXULQVLGHWKH51$FKDLQ6XEVWDQWLDOSDUWVRIWKHSUH
P51$VFDOOHGLQWURQVDUHH[FLVHGDQGWKHUHPDLQLQJ51$UHJLRQVH[RQVDUHMRLQHGWRJHWKHU
FRGLQJIRUWKHSURWHLQVHTXHQFH7KLVSURFHVVRIUHPRYDORIWKHLQWHUYHQLQJLQWURQVLVNQRZQDV
VSOLFLQJ
$IWHUSURFHVVLQJWKHP51$LVH[SRUWHGWRWKHF\WRSODVP,QWDFW¶FDSVWUXFWXUHDQGSRO\$
WDLODUHUHTXLUHGIRUWDUJHWLQJRIWKHP51$WRWKHULERVRPHDQGWKHLQLWLDWLRQRIWKHWUDQVODWLRQ
7KHFDSDQGWKHSRO\$WDLODUHDOVRVXEMHFWWRUHJXODWRU\PHFKDQLVPVWKDWFRQWUROWKHP51$
VWDELOLW\DQGWKHUHE\WKHSURWHLQH[SUHVVLRQ
 ¶FDSSLQJDQG¶SRO\DGHQ\ODWLRQ
7KH ¶ WULSKRVSKDWH RI WKH SUHP51$ LV ¿UVW VKRUWHQHG WR GLSKRVSKDWH DQG WKHQ *03 LV
WUDQVIHUUHG JHQHUDWLQJ DQ XQXVXDO WULSKRVSKDWH OLQNDJH*¶SSS¶17KH JXDQLQH EDVH LV
VXEVHTXHQWO\PHWK\ODWHGDWLWV1SRVLWLRQUHYLHZHGLQ6KXPDQDQG6FKZHU7KHFDS
   							  
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)LJXUH(XNDU\RWLFJHQHH[SUHVVLRQ
7UDQVFULSWLRQSUHP51$SURFHVVLQJH[SRUWDQGTXDOLW\FRQWURODUHVKRZQDVVHSDUDWHFRQVHFXWLYHHYHQWV
UDWKHUWKDWFRXSOHGSURFHVVHV7KHSUHP51$H[RQVDUHVKRZQLQFRORXUWKHLQWURQVDUHFRORXUOHVV7KH
VHTXHQFHGRZQVWUHDPRIWKHSRO\DGHQ\ODWLRQVLJQDOLVVKRZQLQ\HOORZ
,QWURGXFWLRQ
FDQEHIXUWKHUPRGL¿HGE\PHWK\ODWLQJWKH¶2+JURXSRIWKHULERVHRIWKH¿UVWDQGWKHVHFRQG
WUDQVFULEHGQXFOHRWLGH
¶HQGIRUPDWLRQVWDUWVZLWKFOHDYDJHRIWKH51$JXLGHGE\DQ$$8$$$VHTXHQFHWR
QXFOHRWLGHVXSVWUHDPRIWKHFOHDYDJHVLWHDQGDOHVVFRQVHUYHG*8RU8ULFKVWUHWFKGRZQVWUHDP
RIWKHFOHDYDJHVLWH0LQYLHOOH6HEDVWLDDQG.HOOHU6RPHSUHP51$VUHTXLUHDOVR8ULFK
PRWLIVORFDWHGXSVWUHDPRIWKHFOHDYDJHVLWH$IWHUFOHDYDJHDWDLORIDGHQRVLQHVLVDGGHG
WRWKH¶HQGE\SRO\$SRO\PHUDVH%RWKWKHFDSVWUXFWXUHDQGWKHSRO\$WDLODUHHVVHQWLDOIRU
WKHP51$WUDQVSRUWWRWKHF\WRSODVPWKHLQLWLDWLRQRIWKHWUDQVODWLRQDQGWKHSURWHFWLRQRIWKH
P51$IURPH[RQXFOHDVHV7KH\WKHUHIRUHVHUYHWRLGHQWLI\WKH51$DVDPHVVHQJHU
 &RXSOLQJWUDQVFULSWLRQSUHP51$SURFHVVLQJDQGP51$H[SRUW
$OWKRXJKWUDQVFULSWLRQDQGVSOLFLQJFDQRFFXULQGHSHQGHQWO\LQYLWURWKH\DSSHDUWREHFORVHO\
FRXSOHGLQYLYR7KHNH\IDFWRULQWKLVLQWHJUDWLRQLVWKH&WHUPLQDOGRPDLQ&7'RIWKHODUJHVW
VXEXQLW RI 51$ SRO\PHUDVH ,, UHYLHZHG LQ0DQOH\  5RVRQLQD DQG%OHQFRZH 
)DFWRUVLQYROYHGLQFDSSLQJDQG¶HQGSRO\DGHQ\ODWLRQDUHUHFUXLWHGE\WKH&7'WRSUHP51$
GXULQJ WUDQVFULSWLRQ 6KDWNLQ DQG0DQOH\ $QXPEHU RI SURWHLQV FDOOHG65OLNH&7'
DVVRFLDWHGIDFWRUV6&$)VFRQWDLQD&7'LQWHUDFWLQJGRPDLQDVZHOODVDQ56GRPDLQ<XU\HY
HW DO  ,W LV EHOLHYHG WKDW WKHVHSURWHLQV FDQ UHFUXLW VSOLFLQJ IDFWRUV WR WKH WUDQVFULELQJ
SRO\PHUDVH%DVLF VSOLFHRVRPH FRPSRQHQWV VXFK DV8 DQG8 VQ513V DUH DVVRFLDWHGZLWK
7$76)DFRPSRQHQWRIWKHWUDQVFULSWLRQHORQJDWLRQIDFWRU37()E)RQJDQG=KRX
7KHDVVRFLDWLRQRIWKLVSURFHVVLQJIDFWRUZLWKWKHWUDQVFULSWLRQPDFKLQHU\HQVXUHVDFFXUDWHDQG
HI¿FLHQWSURFHVVLQJRIWKHQDVFHQWWUDQVFULSWV&7'GHOHWLRQSUHYHQWVHI¿FLHQWFDSSLQJVSOLFLQJ
DQG ¶HQG FOHDYDJH LQ YLYR 0F&UDFNHQHW DO D0F&UDFNHQHW DO E0RUHRYHU
WKHVSOLFLQJSDWWHUQPD\GHSHQGRQWKHWUDQVFULSWLRQHORQJDWLRQUDWHGHOD0DWDHWDO
6XUSULVLQJO\LWKDVEHHQIRXQGWKDWVSOLFLQJ)RQJDQG=KRXDQG¶FDSSLQJ0\HUVHWDO
LQWXUQFDQLQÀXHQFHWUDQVFULSWLRQ7KHUHLVDOVRDPXWXDOIDFLOLWDWLRQEHWZHHQWKHGLIIHUHQW
SURFHVVLQJHYHQWV&DSSLQJKDVEHHQIRXQGWRHQKDQFHWKHUHFRJQLWLRQRI¿UVWLQWURQ¶V¶VSOLFH
VLWH/HZLVHWDO6LPLODUO\LQWKHFDVHRIWKH¶WHUPLQDOH[RQVWKHIDFWRUVLQYROYHGLQ
FOHDYDJHDQGSRO\DGHQ\ODWLRQRISUHP51$FDQSOD\DUROHLQGLUHFWLQJWKHVSOLFLQJPDFKLQHU\
WRWKH¶VSOLFHVLWH1LZDDQG%HUJHW2QWKHRWKHUKDQGWKHSUHVHQFHRIDQXSVWUHDP
LQWURQFDQVWLPXODWHSRO\DGHQ\ODWLRQ1LZDHWDO
7KHVSOLFHGP51$LVPDUNHGE\DSURWHLQFRPSOH[GHSRVLWHGQXFOHRWLGHVXSVWUHDPRI
WKHH[RQH[RQMXQFWLRQ/H+LUHWDO7KLVVRFDOOHGH[RQMXQFWLRQFRPSOH[(-&OLQNV
SUHP51$VSOLFLQJZLWKQXFOHDUH[SRUWDQGP51$TXDOLW\FRQWURO7ZR(-&SURWHLQV8$3
DQG$O\DUHQHFHVVDU\IRUHI¿FLHQWP51$H[SRUW$O\LQWHUDFWVGLUHFWO\ZLWKWKHP51$H[SRUW
UHFHSWRU7$3S5RGULJXHVHWDO6WUDVVHUDQG+XUW6WXW]HWDO=KRXHW
DO
P51$LVVXEMHFWHGWRTXDOLW\FRQWUROZKLFKHOLPLQDWHVWKHPHVVDJHVZLWKSUHPDWXUHVWRSFRGRQ
WKURXJKWKHQRQVHQVHPHGLDWHGGHFD\10'SDWKZD\7ZRRWKHU(-&SURWHLQV<DQG5136
DUHLQYROYHGLQWKDWSURFHVVUHYLHYHGLQ6LQJKDQG/\NNH$QGHUVHQ7KH\UHFUXLW8SI

DQG8SISURWHLQV1RUPDOO\WKH¿UVWWUDQVODWLQJULERVRPHGLVSODFHVWKH(-&8SIFRPSOH[HV
'RVWLHDQG'UH\IXVV+RZHYHU LIDVWRSFRGRQLVIRXQGPRUHWKDQQXFOHRWLGHV
XSVWUHDPRIWKHODVWH[RQH[RQMXQFWLRQDWOHDVWRQHVXFKFRPSOH[ZLOOUHPDLQDVVRFLDWHGZLWK
WKHP51$7KHWKLUGSURWHLQRIWKH10'FRPSOH[WKHWUDQVODWLRQWHUPLQDWLRQIDFWRUVH5)DQG
H5)DVVRFLDWHG8SI&]DSOLQVNLHWDOLVWKHQUHFUXLWHGWRWKH(-&8SIFRPSOH[$Q
DFWLYDWHG10'FRPSOH[LVIRUPHGDQGWKHP51$LVWDUJHWHGIRUUDSLGGHFD\
 6SOLFLQJ
,QWURQVKDYHEHHQLGHQWL¿HGQRWRQO\LQSUHP51$EXWDOVRLQULERVRPDODQGWUDQVIHU51$V
U51$DQG W51$7KH\DUH UHPRYHGE\ WKUHHGLIIHUHQWPHFKDQLVPVRI VSOLFLQJSUHP51$
VSOLFLQJVHOIVSOLFLQJDQGSUHW51$VSOLFLQJ
6HOIVSOLFHGLQWURQVDQGVSOLFLQJRIW51$SUHFXUVRUV
7KHVHOIVSOLFHGLQWURQVDUHWZRW\SHVRIULER]\PHVZKLFKFDWDO\]HWKHLURZQH[FLVVLRQ7KHUH
DUH WZR JURXSV RI VHOIVSOLFHG LQWURQV QDPHG JURXS , DQG JURXS ,,ZLWK GLVWLQFW VHFRQGDU\
VWUXFWXUHVDQGPHFKDQLVPVRIFDWDO\VLV%RWKW\SHVRILQWURQVFDQVHOIVSOLFHLQYLWURKRZHYHU
LWKDVEHHQGHPRQVWUDWHGWKDWLQYLYRPDQ\RIWKHPGHSHQGRQWUDQVDFWLQJSURWHLQIDFWRUVIRU
HI¿FLHQWVSOLFLQJUHYLHZHGLQ&KHFKDQG*ROGHQ
*URXS,LQWURQVDUHDEXQGDQWLQIXQJDODQGSODQWPLWRFKRQGULDODQGFKORURSODVWJHQHVEXWDUH
DOVRIRXQGLQQXFOHDUU51$JHQHVRIORZHUHXNDU\RWHVDVZHOODVLQEDFWHULRSKDJHDQGVHYHUDO
W51$JHQHVLQHXEDFWHULD6SOLFLQJLVLQLWLDWHGE\WKH¶K\GUR[\OJURXSRIDQH[WHUQDOJXDQRVLQH
ZKLFKDWWDFNVWKHSKRVSKRGLHVWHUERQGDWWKH¶HQGRIWKHLQWURQ6XEVHTXHQWO\WKHUHOHDVHG¶
K\GUR[\OJURXSRIWKHH[RQDWWDFNVWKH¶HQGRIWKHLQWURQUHVXOWLQJLQOLJDWLRQRIWKHH[RQVDQG
UHOHDVHRIWKHLQWURQLQOLQHDUIRUPZLWKWKHJXDQRVLQHDWWDFKHGDWLWV¶HQG
*URXS,,LQWURQVDUHDEXQGDQWLQRUJDQHOODUJHQRPHVRISODQWVDQGORZHUHXNDU\RWHVLQEDFWHULDO
JHQRPHVEXWKDYHQRW\HWEHHQIRXQGLQRUJDQHOOHVRIKLJKHUHXNDU\RWHVRULQQXFOHDUJHQRPHV
2UJDQHOODUJURXS,,LQWURQVDUHW\SLFDOO\IRXQGLQKLJKO\FRQVHUYHGJHQHVVXFKDVF\WRFKURPH
R[LGDVHRUUXELVFRVXEXQLWJHQHVDQGWKHUHDUHRIWHQPDQ\LQWURQVLQDJHQH,QFRQWUDVWWRJURXS
,VSOLFLQJWKHH[FLVLRQRIJURXS,,LQWURQVGRHVQRWUHTXLUHDQH[WHUQDOJXDQRVLQHLQVWHDGWKH
UHDFWLRQLVLQLWLDWHGE\DQXFOHRSKLOLFDWWDFNRIWKH¶K\GUR[\OJURXSRIWKHEUDQFKDGHQRVLQH$V
DUHVXOWD¶¶SKRVSKRGLHVWHUERXQGLVIRUPHGEHWZHHQWKHEUDQFKDGHQRVLQHDQGWKH¶HQGRI
WKHLQWURQDQGDODULDWLQWHUPHGLDWHLVFUHDWHG7KHQWKHUHOHDVHGXSVWUHDPH[RQDWWDFNVWKURXJK
LWV¶K\GUR[\OJURXSWKHSKRVSKRGLHVWHUERQGDWWKHERXQGDU\RIWKHLQWURQDQGWKHGRZQVWUHDP
H[RQ([RQVDUHMRLQHGWRJHWKHUDQGWKHLQWURQODULDWLVUHOHDVHG
%RWKJURXSVRIVHOIVSOLFHGLQWURQVSRVVHVVFRQVHUYHGVHFRQGDU\DQGWHUWLDU\VWUXFWXUHVWKDWDUH
HVVHQWLDOWREULQJWKHH[RQVLQFORVHSUR[LPLW\DQGWRIRUPWKHFDWDO\WLFFHQWHU
7KHLQWURQVIRXQGLQWKHEDFWHULDOW51$JHQHVDUHVHOIVSOLFHG+RZHYHUWKHUHDUHLQWURQVIRXQG
DOVR LQ VRPHRI WKH W51$JHQHVRI(XNDU\RWD DQG$UFKDHDPRVW IUHTXHQWO\ LQWHUUXSWLQJ WKH
DQWLFRGRQORRS7KHVHLQWURQVDUHVKRUW±W\SLFDOO\EHWZHHQDQGQXFOHRWLGHVDQGDUHVSOLFHG
,QWURGXFWLRQ
WKURXJKD WKUHHVWHSSDWKZD\UHYLHZHG LQ$EHOVRQHWDO(DFKVWHS LVFDWDO\]HGE\D
GLVWLQFWHQ]\PHZKLFKFDQZRUNLQWHUFKDQJHDEO\RQDOOWKHVXEVWUDWHV
,QWKH¿UVWVWHSWKHSUHW51$LVFOHDYHGDWERWKVSOLFHVLWHVE\DQHQGRQXFOHDVHZKLFKIRUPV¶
K\GUR[\ODQG¶¶F\FOLFSKRVSKDWHHQGV
7KHQ WKH WZR KDOIW51$PROHFXOHV DUH OLJDWHG E\ W51$ OLJDVH 7KH UHDFWLRQ LV FDUULHG RXW
WKURXJK WKHIROORZLQJPHFKDQLVP WKH¶F\FOLFSKRVSKDWH LVK\GURO\]HG WR¶SKRVSKDWHDQG
¶K\GUR[\OJURXS WKHQ WKH¶ HQG LVSKRVSKRU\ODWHGE\*73$03 LV WUDQVIHUUHG WR WKH¶
SKRVSKDWHIRUPDWLRQRIWKH¶¶SKRVSKRGLHVWHUERQGSURFHHGVDQG$03LVUHOHDVHG
)LQDOO\ WKH UHPDLQLQJ ¶SKRVSKDWH LV UHPRYHG E\ DQ 1$'GHSHQGHQW SKRVSKRWUDQVIHUDVH
ZKLFKJHQHUDWHVWKHXQXVXDO$'3ULERVH´´F\FOLFSKRVSKDWH
3UHP51$VSOLFLQJ
2QHRI WKHPRVWSURPLQHQWIHDWXUHVRIHXNDU\RWLFJHQHV LV WKHLUGLVFRQWLQXLW\:LWKYHU\IHZ
H[FHSWLRQVQRWDEO\WKHKLVWRQHJHQHVWKHFRGLQJVHTXHQFHVRIDOPRVWDOORIHXNDU\RWLFJHQHV
DUHGLVUXSWHGE\LQWURQV7KHDQDO\VLVRIWKHZRUNLQJGUDIWRIWKHKXPDQJHQRPHVKRZHGWKDWRQ
DYHUDJHLQWURQVDFFRXQWIRURIWKHSUHP51$/DQGHUHWDO,QKLJKHUHXNDU\RWHV
H[RQVDUHW\SLFDOO\VKRUWQXFOHRWLGHVZKLOHWKHLQWURQVDUHPXFKORQJHUDURXQG
QXFOHRWLGHV 'HXWVFKDQG/RQJ+RZHYHU WKHUHDUH LQWURQV WKDW VSDQKXQGUHGVRI
WKRXVDQGQXFOHRWLGHV,QDYHUDJHWKHUHDUHLQWURQVSHUKXPDQSURWHLQHQFRGLQJJHQH7KH
KXPDQG\VWURSKLQJHQH WKH ODUJHVWJHQHNQRZQVR IDUFRQWDLQVH[RQV VFDWWHUHGRYHU
PHJDEDVHVWRJLYHDQP51$RIDSSUR[LPDWHO\NLOREDVHV1RELOHHWDO
8QOLNHWKHVHOIVSOLFHGLQWURQVDQGWKRVHRIW51$SUHFXUVRUVSUHP51$LQWURQVYDU\JUHDWO\
LQVL]HDQGGRQRWSRVVHVVFRQVHUYHGVHFRQGDU\VWUXFWXUXUHV7KHSUHP51$LQWURQVDUHVSOLFHG
E\DODUJHPDFKLQHU\EXLOWXSRIRYHURQHKXQGUHG WUDQVDFWLQJIDFWRUVZKLFKUHFRJQL]HDQG
DVVHPEOHRQFRQVHUYHGFLVHOHPHQWVIRXQGERWKRQWKHLQWURQVDQGWKHH[RQV
&RQVHUYHGFLVHOHPHQWVLQSUHP51$*8$*DQG$8$&
LQWURQV
7KHUHDUH WKUHHVHTXHQFHHOHPHQWV DW WKH¶DQG¶VSOLFHVLWHVDQG WKHEUDQFKVLWH )LJXUH
  WKDWPDUN WKH LQWURQV DQGDUH HVVHQWLDO IRU WKHLU UHPRYDO 5HHGDQG3DODQGMLDQ
7ZRGLVWLQFW W\SHVRI LQWURQVDUH LGHQWL¿HG LQKLJKHUHXNDU\RWHV VSOLFHGE\VHSDUDWH VSOLFLQJ
PDFKLQHULHV
7KH¿UVWPDMRUW\SHRILQWURQVUHSUHVHQWVWKHYDVWPDMRULW\RILQWURQVLQWKHKXPDQJHQRPH7KH
¶VSOLFHVLWHFRQIRUPVWRWKHFRQVHQVXV<5**855*8WKHVODVKGHQRWLQJWKHH[RQLQWURQ
ERUGHU5DSXULQH$RU*EDVH<DS\ULPLGLQH&RU7EDVH7KHWZRXQGHUOLQHGQXFOHRWLGHV
XQWLOUHFHQWO\ZHUHEHOLHYHGWREHLQYDULDQW+RZHYHUDGDWDEDVHVHDUFKVKRZHGWKDWLQRIDOO
LQWURQVWKH¿UVWGLQXFOHRWLGHLV*&LQVWHDGRI*87KDQDUDMDQG&ODUN
7KH¶VSOLFHVLWHFRQVHQVXVLV<1<$*LHDKLJKO\FRQVHUYHG$*GLQXFOHRWLGHSUHFHGHGE\
DSRO\S\ULPLGLQHVWUHWFK7KHWKLUGHOHPHQWLVWKHEUDQFKSRLQW<1<85$<ZKLFKLVORFDWHG
WRQXFOHRWLGHVXSVWUHDPRIWKH¶VSOLFHVLWH7KHKLJKO\FRQVHUYHGEUDQFKDGHQRVLQHLV

XQGHUOLQHG
7KHVHFRQGPLQRULQWURQW\SHKDVPRUHFRQVHUYHG¶VSOLFHVLWHDQGEUDQFKVLWHVHTXHQFHVDQG
¶VSOLFHVLWHWKDWODFNVWKHSRO\S\ULPLGLQHWUDFW7KHFRQVHQVXVVHTXHQFHVRIWKHVHHOHPHQWVDUHDV
IROORZV¶VSOLFHVLWH58$8&&888¶VSOLFHVLWH<<$*&EUDQFKSRLQW8&&885$&<
'LHWULFKHWDO+DOODQG3DGJHWWUHYLHZHGLQ3DWHODQG6WHLW]7KRVHLQWURQV
FRXOGKDYH*8$*RU$8$&WHUPLQLDQGWKH\DUHPXFKOHVVDEXQGDQWRQO\VXFKLQWURQV
DUHIRXQGLQWKHKXPDQJHQRPH/HYLQHDQG'XUELQ
$Q LQWHUHVWLQJH[FHSWLRQ LV WKHEXGGLQJ\HDVW6DFFKDURP\FHVFHUHYLVLDH'XH WR WKHPDVVLYH
ZDYHRIUHWURWUDQVSRVLWLRQHYHQWVPRVWRI WKH LQWURQV LQ WKLVRUJDQLVPKDYHEHHQHOLPLQDWHG
7KHUHPDLQLQJLQWURQVVWURQJO\DGKHUHWRWKHFRQVHQVXVVHTXHQFHV$&$**85$*8DQG
<&$*IRUWKH¶DQG¶VSOLFHVLWHVUHVSHFWLYHO\6WDOH\DQG*XWKULH,QDGGLWLRQWKH
EUDQFKSRLQWLVYLUWXDOO\LQYDULDQW8$&8$$&DQGLVORFDWHGWRQXFOHRWLGHVXSVWUHDPRI
WKH¶VSOLFHVLWH7KHUHDUHQRPLQRUW\SHLQWURQVIRXQGLQWKHJHQRPHRIWKHWKHEXGGLQJ\HDVW
7KHFODVVLFDOVSOLFLQJVLJQDOVGHVFULEHGDERYHDUHRIWHQLQVXI¿FLHQWIRUUHFRJQLWLRQRIDOOLQWURQV
,WKDVEHHQHVWLPDWHG WKDW WKHVHVHTXHQFHHOHPHQWVSURYLGH OHVV WKDQRI WKH LQIRUPDWLRQ
QHFHVVDU\IRUDFFXUDWHUHPRYDORIKXPDQLQWURQV/LPDQG%XUJH$GGLWLRQDOHOHPHQWV
W\SLFDOO\IRXQGQHDUE\ZHDNVSOLFHVLWHVSURYLGHWKHUHTXLUHGLQIRUPDWLRQIRULQWURQUHFRJQLWLRQ
DQGVSOLFLQJ7KHVHDX[LOLDU\VLJQDOVDUHFODVVL¿HGDFFRUGLQJWRWKHLUORFDWLRQ±H[RQLFRULQWURQLF
DQGWKHLUIXQFWLRQDOHIIHFWRQVSOLFLQJ±DFWLYDWLRQRUUHSUHVVLRQ
([RQLFVSOLFLQJHQKDQFHUV(6(VKDYHEHHQLGHQWL¿HGE\GLIIHUHQWDSSURDFKHVLQDQXPEHURI
VWXGLHV&RXOWHUHWDO)DLUEURWKHUHWDO/LXHWDO/LXHWDO6FKDDODQG
0DQLDWLV:RHUIHODQG%LQGHUHLI7ZRFODVVHVRI(6(VKDYHEHHQLGHQWL¿HGSXULQH
ULFKDQG$&ULFK7KH(6(VDUHKLJKO\GHJHQHUDWHZKLFKSUHYHQWVWKHPIURPLQWHUIHULQJZLWK
WKHFRGLQJFDSDFLW\RIWKHH[RQV$VLQWKHFDVHRIWKHFRQVWLWXWLYHFLVHOHPHQWVGLVFXVVHGDERYH
KRZHYHU WKH\FDUU\YHU\ ORZLQIRUPDWLRQFRQWHQW7RRYHUFRPHWKLV(6(VDFWFRRSHUDWLYHO\
+HUWHODQG0DQLDWLV6PLWKDQG9DOFDUFHO
7KHUHLVHYLGHQFHWKDWSXULQHULFK(6(VDUHIXQFWLRQDORQERWKPDMRUDQGPLQRUW\SHLQWURQV
:XDQG.UDLQHU
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)LJXUH &RQVHUYHG FLVHOHPHQWV RIPDMRUFODVV DQGPLQRUFODVV LQWURQV DV VKRZQE\
3DWHODQG6WHLW]
7KHFRQVHQVXVVHTXHQFHVRIWKH¶VSOLFHVLWHEUDQFKVLWHDQG¶VSOLFHVLWHDUHVKRZQDQGWKHOHWWHUKHLJKWV
DWHDFKSRVLWLRQUHSUHVHQWWKHIUHTXHQF\RIRFFXUUHQFHRIWKHFRUUHVSRQGLQJQXFOHRWLGHVDWWKDWSRVLWLRQ
7KHSRVLWLRQVWKDWDUHWKRXJKWWREHLQYROYHGLQLQWURQUHFRJQLWLRQDUHLQEODFNDQGWKHRWKHUVLQJUD\
,QWURGXFWLRQ
$QXPEHURILQWURQLFVSOLFLQJHQKDQFHUV,6(VDQGVLOHQFHUV,66VKDYHDOVREHHQLGHQWL¿HG
IRUH[DPSOH)DLUEURWKHUDQG&KDVLQ+XLHWDOOLVWHGE\/DGGDQG&RRSHU
7KHLUVHTXHQFHVDUHDOVRGHJHQHUDWH7KH,66VDSSHDUWREHZLGHVSUHDGLQLQWURQV)DLUEURWKHU
DQG&KDVLQ
7KHPHFKDQLVPRISUHP51$VSOLFLQJ
7KHLQWURQH[FLVLRQ)LJXUHSURFHHGVWKURXJKWZRWUDQVHVWHUL¿FDWLRQUHDFWLRQV3DGJHWWHW
DO5XVNLQHWDO ,QLWLDOO\DQXFOHRSKLOLFDWWDFNRI WKH¶K\GUR[\OJURXSRI WKH
EUDQFKSRLQWDGHQRVLQHDWWKHSKRVSKRGLHVWHUERQGRIWKH¶VSOLFHVLWHOHDGVWRLWVFOHDYDJH$V
DUHVXOWD¶¶SKRVSKRGLHVWHUERQGIRUPVEHWZHHQWKHEUDQFKSRLQWDGHQRVLQHDQGWKHWHUPLQDO
JXDQRVLQH,Q WKHVHFRQGVWHS WKHQHZO\IRUPHG¶K\GUR[\OJURXSRI WKH¶H[RQDWWDFNV WKH
SKRVSKRGLHVWHUERQGRIWKH¶VSOLFHVLWHUHVXOWLQJLQD¶¶SKRVSKRGLHVWHUERQGEHWZHHQWZR
H[RQVDQGWKHUHOHDVHRIWKHODULDWLQWURQ
VQ513VDQGSURWHLQIDFWRUVLQYROYHGLQSUHP51$VSOLFLQJ
3UHP51$VSOLFLQJRFFXUVZLWKLQD ODUJHULERQXFOHRSURWHLQFRPSOH[ WKHVSOLFHRVRPH7KHUH
DUH WZR GLVWLQFW VSOLFHRVRPHV LQYROYHG LQ WKH UHPRYDO RI LQWURQV 7KH VSOLFHRVRPH FRQVLVWV
RI¿YH VPDOOQXFOHDU ULERQXFOHRSURWHLQFRPSOH[HV VQ513VQDPHGDFFRUGLQJ WR WKHLU51$
FRPSRQHQWDQGRYHUDKXQGUHGQRQVQ513SURWHLQIDFWRUV+DUWPXWKHWDO=KRXHWDO

8888DQG8VQ513VSDUWLFLSDWHLQPDMRULQWURQVSOLFLQJ888DWDF8DQG
8DWDFVQ513V7DUQDQG6WHLW]DDUHLQYROYHGLQWKHH[FLVLRQRIWKHPLQRUW\SHLQWURQV
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 
)LJXUH7KHPHFKDQLVPRISUHP51$VSOLFLQJ
7KHXSVWUHDPDQGGRZQVWUHDPH[RQVWKHLQWURQWKHSKRVSKRGLHVWHUERQGVWKDWDUHFOHDYHGRUIRUPHG
GXULQJWKHUHDFWLRQDQGWKHUHDFWLYHK\GUR[\OJURXSVDUHVFKHPDWLFDOO\UHSUHVHQWHG7KHLQWHUPHGLDWHVDQG
WKHVSOLFLQJSURGXFWVDUHDOVRVKRZQ7KHKLJKO\FRQVHUYHGEUDQFKDGHQLQHLVUHGERWKWUDQVHVWHUL¿FDWLRQ
UHDFWLRQVDUHLQGLFDWHGE\EOXHDUURZV7KHGLQXFOHRWLGHVDWWKHLQWURQWHUPLQLPLJKWEH$8$&DVZHOO
EXWWKHKLJKO\SUHYDOHQW*8$*DUHVKRZQ

7DEOH%HFDXVHRIWKHFDWDO\WLFFRPSRQHQWVLQYROYHGLQWKHLUH[FLVLRQWKHPDMRULQWURQVDUH
DOVRWHUPHG8GHSHQGHQWWKHPLQRULQWURQV8GHSHQGHQW6KDUSDQG%XUJH
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7DEOH  VQ513V LQYROYHG LQ UHPRYDO RI WKH PDMRUFODVV DQG PLQRUFODVV SUHP51$
LQWURQV7KHVQ513VJURXSHGLQFROXPQVDFWDQDORJRXVO\LQPDMRUDQGPLQRUVSOLFHRVRPHV8VQ513
LVFRPPRQIRUERWKRIWKHP
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7DEOH7KHSURWHLQFRPSRVLWLRQRIWKHKXPDQVQ513V
7KHFKDUDFWHUL]HGKXPDQVQ513VDQGWKHLUSURWHLQFRPSRQHQWVDUHOLVWHGWKHUHIHUHQFHVDUHLQGLFDWHG
RQWKHULJKWVLGH7KH6PFRPSOH[LVEXLOWXSRIVHYHQ6PSURWHLQV±6P%%¶'''()DQG*
7KH/6PFRPSOH[FRQWDLQVSURWHLQV/6PWR/6P6RPHSURWHLQVWKDWSDUWLFLSDWHLQGLIIHUHQWVQ513
FRPSOH[HVDUHKLJKOLJKWHGLQFRORXUV
7KH8DWDF8DWDF8FRPSOH[KDVQRWEHHQSXUL¿HGELRFKHPLFDOO\WKHSUHVHQFHRIWKH888
VSHFL¿FSURWHLQVLVRQO\FRQ¿UPHGE\LPPXQRSUHFLSLWDWLRQ
,QWURGXFWLRQ
(DFKVQ513FRQWDLQVDVLQJOHVPDOOQXFOHDUXULGLQHULFK51$VQ51$DQGVHYHUDOSURWHLQV
VSHFL¿FRUFRPPRQWRDOOVSOLFHRVRPDOVQ513VH[FHSWIRU87KHEDVLFVSOLFHRVRPDOVQ513V
DOVRIRUPODUJHUFRPSOH[HVVWDELOL]HGE\51$51$88DQG8DWDF8DWDFVQ513VRU
SURWHLQSURWHLQLQWHUDFWLRQV8888DWDF8DWDF8DQG88VQ513V$GHWDLOHG
SURWHLQFRPSRVLWLRQRIWKHVSOLFHRVRPDOVQ513VLVJLYHQRQ7DEOH
7KHUH LV D GLUHFW IXQFWLRQDO FRUUHVSRQGHQFH EHWZHHQ WKH VQ513V WKDW SDUWLFLSDWH LQ VSOLFLQJ
RIWKHWZRW\SHVRILQWURQV8LVWKHIXQFWLRQDODQDORJXHRI88WKDWRI88DWDFDQG
8DWDFFRUUHVSRQGWR8DQG8UHVSHFWLYHO\8LVSUHVHQWLQERWKVSOLFHRVRPHV7KHVQ513V
WKDWIRUPWKHPDMRUVSOLFHRVRPHDUHDSSUR[LPDWHO\RUGHUVRIPDJQLWXGHPRUHDEXQGDQWWKDQ
WKRVHLQYROYHGLQWKHIRUPDWLRQRIWKHPLQRUVSOLFHRVRPH<XHWDO7KHFRUUHVSRQGLQJ
PDMRU DQGPLQRU VQ51$V KDYH FRQVHUYHG VHFRQGDU\ VWUXFWXUHV DQG SDUWLFLSDWH LQ DQDORJRXV
LQWHUDFWLRQVGXULQJVSOLFLQJKRZHYHUWKH\DUHQRWVLPLODULQVHTXHQFH7DUQDQG6WHLW]
2QO\OLPLWHGLQIRUPDWLRQLVDYDLODEOHUHJDUGLQJWKHSURWHLQFRQVWLWXHQWVRIWKHPLQRUVSOLFHRVRPH
0RVWRIWKHVQ513SURWHLQVDUHVKDUHGEHWZHHQWKHPDMRUDQGPLQRUVQ513V6FKQHLGHUHWDO
KRZHYHUWKHUHDUHH[FHSWLRQVVXFKDVWKH8VSHFL¿F.SURWHLQZKLFKLVWKHPLQRU
VSOLFHRVRPHDQDORJXHRI8.:LOOHWDOVHH7DEOH
$QXPEHURIRWKHUSURWHLQVVXFKDV65SURWHLQVKQ513VDQG51$KHOLFDVHVDUHQRWVWDEO\
DVVRFLDWHGZLWKDQ\RIWKHVQ513VEXWDOVRSDUWLFLSDWHLQSUHP51$VSOLFLQJ
7KH65SURWHLQV=DKOHUHWDOFRQVWLWXWHDIDPLO\RIVSOLFLQJIDFWRUVZLWKDFKDUDFWHULVWLF
VWUXFWXUDORUJDQL]DWLRQ51$ELQGLQJPRWLIV550VRU5%'VLQWKHLU1WHUPLQDOSDUWDQGD
YDULDEOHOHQJWK&WHUPLQDOVHULQHDUJLQLQHULFK56GRPDLQUHYLHZHGLQ.UDPHU9DOFDUFHO
DQG*UHHQ7KH1WHUPLQDOSDUWRIWKH65SURWHLQVLVLQYROYHGLQ51$UHFRJQLWLRQDQG
ELQGLQJZKLOHWKH56PRWLILVLQYROYHGLQSURWHLQSURWHLQLQWHUDFWLRQV7HQKXPDQ65SURWHLQV
KDYHEHHQIRXQGVRIDUDQXPEHURIRWKHUSURWHLQVWHUPHG65OLNHSURWHLQVDUHVWUXFWXUDOO\DQG
IXQFWLRQDOO\UHODWHG
$OORI WKH65SURWHLQ IDPLO\PHPEHUVKDYHEHHQVKRZQ WRDFWLYDWHVSOLFLQJ LQYLWUR6HYHUDO
GLVWLQFW PHFKDQLVPV RI WKHLU DFWLRQ KDYH EHHQ SURSRVHG EXW SHUKDSV WKH EHVWFKDUDFWHUL]HG
IXQFWLRQRIWKH65SURWHLQVLVWRUHFRJQL]H(6(V/LXHWDO/LXHWDODQGWREULGJH
H[RQV DQG VSOLFHRVRPH FRPSRQHQWV %OHQFRZHHW DO (SHURQHW DO  -DPLVRQHW
DO.RKW]HWDO/LXHWDO/LXHWDO7DUQDQG6WHLW]=DKOHU
DQG5RWK(6(VHTXHQFHVUHFRJQL]HGE\WKH65DQG65OLNHSURWHLQVDUHVKRUWWR
QXFOHRWLGHV DQG KLJKO\ GHJHQHUDWH &RRSHU &RXOWHUHW DO $V65 DQG65OLNH
SURWHLQVDWWDFKWRPXOWLSOHQHDUE\VLWHVWKHLUELQGLQJLVVWDELOL]HGE\SURWHLQSURWHLQLQWHUDFWLRQV
IRUPLQJDFRPSOH[WKDWPDUNVWKHH[RQ
7KHKQ513SURWHLQVDUHDQRWKHUJURXSRISURWHLQVWKDWELQGWRSUHP51$DQGSOD\DQLPSRUWDQW
UROHLQVSOLFLQJUHYLHZHGLQ.UHFLFDQG6ZDQVRQ7KH\ZHUH¿UVWGHVFULEHGDVSDFNDJLQJ
IDFWRUV7KHELQGLQJRI WKHKQ513SURWHLQV WR51$VKRZV VRPHVHTXHQFHSUHIHUHQFHZKLFK
FRXOGVHUYHWRµSKDVH¶WKHSDFNDJLQJRIWKHSUHP51$KQ513SURWHLQVLQJHQHUDODQWDJRQL]H
WKH VSOLFLQJDFWLYDWLQJ IXQFWLRQ RI WKH 65 DQG 65OLNH SURWHLQV+RZHYHU KQ513V FDQ DOVR
IDFLOLWDWHVSOLFLQJE\ELQGLQJWR,6(V+XLHWDO([RQUHFRJQLWLRQDQGVSOLFHVLWHVHOHFWLRQ

LVDFRPELQDWRULDOSURFHVVLQYROYLQJERWKSRVLWLYHDQGQHJDWLYHVLJQDOVSURYLGHGE\65SURWHLQV
DQGKQ513SURWHLQVUHVSHFWLYHO\
7KH51$KHOLFDVHVRU51$GHSHQGHQW$73DVHVDUHPHPEHUVRIDODUJHSURWHLQIDPLO\ZLWKD
FRQVHUYHGGRPDLQWKDWLQFOXGHVWKHPRWLI'(['+UHYLHZHGLQ/LQGHUHWDO6LOYHUPDQ
HWDO7DQQHUDQG/LQGHU7KHVHSURWHLQVFDQXQZLQGGRXEOHVWUDQGHG51$VLQDQ
$73GHSHQGHQWPDQQHUDQGLWKDVEHHQUHFHQWO\VKRZQWKDWWKH\ZRUNLQDVLPLODUZD\WRGLVUXSW
51$SURWHLQFRPSOH[HV-DQNRZVN\HWDO7KHVHHQ]\PHVDUHLQYROYHGLQYLUWXDOO\HYHU\
DVSHFWRIWKHH[SUHVVLRQRIJHQHWLFLQIRUPDWLRQLQFOXGLQJWUDQVFULSWLRQ51$PRGL¿FDWLRQDQG
H[SRUW10'ULERVRPHELRJHQHVLVDQGWUDQVODWLRQ'(['+KHOLFDVHVDUHHVVHQWLDOIDFWRUVDW
HYHU\VWHSRIVSOLFLQJ±IURPWKHUHFRJQLWLRQRIWKHVSOLFHVLWHVWKHDVVHPEO\RIWKHVSOLFHRVRPH
WKURXJKWKHFDWDO\WLFVWHSVDQG WR WKHGLVVRFLDWLRQRI WKHVSOLFHRVRPHFRPSOH[$W OHDVWHLJKW
51$KHOLFDVHVDUHLQYROYHGVSOLFLQJ6RPHRIWKHPOLNH8.\HDVW%UUDUHVWDEOHSURWHLQ
FRPSRQHQWVRIWKHVSOLFHRVRPDOVQ513VRWKHUVK3USK3USDVVRFLDWHRQO\WUDQVLHQWO\ZLWK
WKHVSOLFHRVRPHWRIDFLOLWDWHDVSHFL¿FFRQIRUPDWLRQDOWUDQVLWLRQRUFDWDO\WLFVWHSRIVSOLFLQJ
7KHVSOLFHRVRPHF\FOHVSOLFHRVRPHDVVHPEO\DQGFDWDO\VLV
7KHUHDUH WKUHH VWDJHVRI WKHFDWDO\WLF H[FLVLRQRISUHP51$ LQWURQV )LJXUH)LUVW WKH
VSOLFHRVRPHDVVHPEOHV RQ SUHP51$'XULQJ WKDW VWDJH WKH ERXQGDULHV RI WKH LQWURQ WR EH
UHPRYHGDUHUHFRJQL]HG7KHQWKHVSOLFHRVRPHLVWULJJHUHGWRZDUGVLWVFDWDO\WLFDOO\DFWLYHVWDWH
WKHWZRWUDQVHVWHUL¿FDWLRQUHDFWLRQVTXLFNO\IROORZLHWKHLQWURQLVH[FLVHGDQGWKHH[RQVDUH
MRLQHGWRJHWKHU)LQDOO\WKHVSOLFHRVRPHGLVDVVHPEOHVDQGWKHFDWDO\WLFFRPSRQHQWVRIVSOLFLQJ
DUHUHF\FOHGWRMRLQDQRWKHUURXQGRIVSOLFLQJ
7KHVSOLFHRVRPHLVDG\QDPLFULERQXFOHRSURWHLQFRPSOH[H[WHQVLYHVWUXFWXUDOUHDUUDQJHPHQWV
RIWKH51$QHWZRUN)LJXUHDQGWKHSURWHLQFRPSRQHQWVRFFXUWKURXJKRXWWKHVSOLFHRVRPH
F\FOH
7KH VSOLFHRVRPH DVVHPEO\ DQG FDWDO\VLV SURFHHG WKURXJK WKH IRUPDWLRQ RI IRXU GLVWLQFW
FRPSOH[HV(DFKFRPSOH[WUDQVLWLRQLV$73GHSHQGHQWDQGDFFRPSDQLHGE\VLJQL¿FDQWVWUXFWXUDO
UHDUUDQJHPHQWVRIWKHLQGLYLGXDOFRPSRQHQWV
6SOLFHRVRPHDVVHPEO\LVLQLWLDWHGE\WKH$73LQGHSHQGHQWIRUPDWLRQRIWKHHDUO\(FRPSOH[
)LUVWWKH8VQ513DVVRFLDWHVZLWKWKH¶VSOLFHVLWHE\K\EULGL]DWLRQRIWKH¶HQGRI8VQ51$
ZLWK WKH LQWURQ QXFOHRWLGHV  WR  ,QWHUHVWLQJO\ WKH8& SURWHLQ UHFRJQL]HV D FRQVHQVXV
VHTXHQFHYHU\VLPLODUWRWKHRQHRIWKH¶VSOLFHVLWH'XDQG5RVEDVK5RVVLHWDO
ZKLFKOHGWRWKHK\SRWKHVLVWKDW8&¶VSOLFHVLWHLQWHUDFWLRQSUHFHGHVSUHP51$8VQ51$
EDVHSDLULQJ$QRWKHUIDFWRUWKDWIDFLOLWDWHVWKHUHFUXLWPHQWRI8VQ513WRWKH¶VSOLFHVLWHLVWKH
65SURWHLQ$6)6),WELQGVWRWKHSUHP51$DQGWR8.SURWHLQ.RKW]HWDO
7KH SRO\S\ULPLGLQH WUDFW DQG WKH ¶ WHUPLQDO GLQXFOHRWLGH DUH UHFRJQL]HG E\ WKH DX[LOLDU\
SURWHLQV8$)DQG8$)UHVSHFWLYHO\%LQGLQJRIWKHWZR8$)VXEXQLWVWRWKH¶VSOLFH
VLWHLVIDFLOLWDWHGE\WKH8VQ513ORFDWHGDWWKH¶VSOLFHVLWHRIWKHH[RQ&XQQLQJKDPHWDO
+RIIPDQDQG*UDERZVNLDQGFRXOGDOVREHDVVLVWHGE\65SURWHLQV:DQJHWDO
:XDQG0DQLDWLV
,QWURGXFWLRQ
7KHEUDQFKSRLQW LV UHFRJQL]HGE\ WKH VSOLFLQJ IDFWRU%%36) %HUJOXQGHWDO 6)
LQWHUDFWVZLWK8$)DQGWKLVLQWHUDFWLRQLVHVVHQWLDOIRULWVELQGLQJWRWKHEUDQFKSRLQW%HUJOXQG
HWDO/DWHUVWXGLHVKDYHVKRZQWKDW WKH8VQ513LVDOVRLQFOXGHGLQWKH(FRPSOH[
WKURXJKLQWHUDFWLRQVZLWK8VQ5138$)DQGSRVVLEO\6)'DVHWDO,QDGGLWLRQ
WKH888WULVQ513FDQDVVRFLDWHZLWKWKH¿UVWH[RQQHDUWKH¶VSOLFHVLWHLQWKH(FRPSOH[
LQDQ$73GHSHQGHQWPDQQHU0DURQH\HWDO
7KHWUDQVLWLRQWRWKHQH[WFRPSOH[$FRPSOH[LQYROYHV51$GXSOH[IRUPDWLRQEHWZHHQWKH
8VQ513DQGWKHEUDQFKVLWHZLWKWKHEUDQFKSRLQWDGHQRVLQHEXOJLQJRXWRIWKHGXSOH[7KLV
FRQIRUPDWLRQDOWUDQVLWLRQLV$73GHSHQGHQWDQGDVVLVWHGE\WKH51$KHOLFDVHV8$3)OHFNQHU
HWDODQG5US;XHWDO7KH8LQWHUDFWLRQLVIXUWKHUVWDELOL]HGE\ELQGLQJRI
WKH8VSHFL¿FPXOWLSURWHLQIDFWRUV6)DDQG6)EXSVWUHDPRIWKHEUDQFKVLWH*R]DQLHWDO
$FKDUDFWHULVWLFIHDWXUHRIWKHHDUO\VSOLFHRVRPHLVWKHLQWHUDFWLRQEHWZHHQWKH8VQ513
ERXQGWRWKH¶VSOLFHVLWHDQGWKH8VQ5138$)FRPSOH[DWWKH¶VSOLFHVLWH6&)XDQG
0DQLDWLV:XDQG0DQLDWLVDPHPEHURIWKH65SURWHLQIDPLO\DQG3US;XHW
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)LJXUH7KHVSOLFHRVRPHF\FOH
7KHVSOLFHRVRPDOFRPSOH[HVIRUPHGGXULQJWKHVSOLFHRVRPHDVVHPEO\DQGVSOLFLQJFDWDO\VLVDVZHOODV
WKHNQRZQVWHSVRIVQ513UHF\FOLQJDIWHUGLVVRFLDWLRQRIWKHVSOLFHRVRPHDUHVFKHPDWLFDOO\UHSUHVHQWHG
7KHSRVLWLRQRI88VQ513UHF\FOLQJZLWKLQWKHVSOLFHRVRPHF\FOHLVLQGLFDWHGE\DQRUDQJHER[7KH
88UHF\FOLQJIDFWRUVLQ\HDVW3USDQGKXPDQSV\VWHPDUHDOVRVKRZQ

DOKDYHEHHQVKRZQWRPHGLDWHWKDWLQWHUDFWLRQ,QFDVHRIWKHPLQRUVSOLFHRVRPH8
DQG8WKHIXQFWLRQDODQDORJXHVRI8DQG8IRUPDVWDEOH88FRPSOH[3UDVDGHW
DO:DVVDUPDQDQG6WHLW]GXHWRLQWHUDFWLRQEHWZHHQWKH8VSHFL¿F.DQGWKH
8VSHFL¿F.SURWHLQV:LOOHWDO7KH88SDUWLFOHDVVRFLDWHVZLWKWKH8
GHSHQGHQWLQWURQVVLPXOWDQHRXVO\UHFRJQL]LQJWKH¶VSOLFHVLWHDQGWKHEUDQFKVLWH
7KH$ FRPSOH[ SURJUHVVHV WR % FRPSOH[ ZKHQ WKH ODUJH SUHDVVHPEOHG 888 VQ513
DOVRNQRZQDVWKHWULVQ513HQWHUVWKHVSOLFHRVRPH,QWKHWULVQ5138DQG8VQ51$DUH
H[WHQVLYHO\ EDVHSDLUHGZKLOH8 LV DVVRFLDWHG E\ SURWHLQSURWHLQ LQWHUDFWLRQV LQYROYLQJ WKH
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)LJXUH7KHVSOLFHRVRPHLVDG\QDPLF51$QHWZRUN
7KHG\QDPLFQDWXUHRIWKHVSOLFHRVRPHEHFRPHVSDUWLFXODUO\DSSDUHQWZKHQIROORZLQJWKH8DQG8
VQ513VWKURXJKRXWWKHVSOLFHRVRPHF\FOH0RVWRI8DQG8DUHVWDEO\EDVHSDLUHGZLWKHDFKRWKHU
EHIRUHHQWHULQJ WKHDVVHPEO\LQJVSOLFHRVRPH WKH8VQ513MRLQV WKH88VQ513UHVXOWLQJ LQ WKH
888WULVQ513,QWKHDFWLYHVSOLFHRVRPHWKH88EDVHSDLULQJLVGLVUXSWHGDQGLVRPHUL]HVWR
DPXWXDOO\H[FOXVLYH88LQWHUDFWLRQ)LQDOO\DIWHUVSOLFLQJFDWDO\VLVWKHVSOLFHRVRPHGLVDVVHPEOHV
WKH8DQG8VQ513VDUHUHOHDVHGLQWKHLUVLQJXODUIRUPVDQG88VQ513UHF\FOHG6LJQL¿FDQWO\DOO
WKHVHG\QDPLF51$51$LQWHUDFWLRQVDUHFRQVHUYHGEHWZHHQWKHPDMRUDQGPLQRUVQ51$V
,QWURGXFWLRQ
88VSHFL¿F.DQGWKH8VSHFL¿F.0DNDURYDHWDO6FKDIIHUWHWDO
'RFNLQJRIWKHWULVQ513RQWRWKH$FRPSOH[LVPHGLDWHGE\63)DQHVVHQWLDOVSOLFLQJIDFWRU
WKDWLQWHUDFWVDOVRZLWK8VQ5135DSSVLOEHUHWDO
,QFRQWUDVWWRWKHVWHSZLVHVSOLFHRVRPHDVVHPEO\GHVFULEHGDERYHDQDOWHUQDWLYHPRGHOKDVEHHQ
SURSRVHG$ODUJH6VQ513FRPSOH[FRQWDLQLQJ8888DQG8VQ513VKDVEHHQ
IRXQGXQGHUORZVDOWFRQGLWLRQVLQ\HDVW6WHYHQVHWDODQG+H/DQXFOHDUH[WUDFWV0DOFD
HWDO7KLVFRPSOH[FDOOHGWKHSHQWDVQ513FRQWDLQVWKHPDMRULW\RIWKHSURWHLQIDFWRUV
IRXQGLQSXUL¿HGVSOLFHRVRPHVZLWKWKHQRWDEOHH[FHSWLRQRIVRPH65SURWHLQVDQGPRVWRIWKH
51$GHSHQGHQW$73DVHVZKLFKGULYHWKHFRQIRUPDWLRQDOFKDQJHVUHTXLUHGIRUWKHDFWLYDWLRQRI
WKHVSOLFHRVRPHVSOLFLQJFDWDO\VLVDQGWKHVXEVHTXHQWGLVVRFLDWLRQRIWKHFRPSOH[VHHEHORZ
,WKDVEHHQVKRZQWKDWWKHSXUL¿HGSHQWDVQ513FRPSOH[LVDEOHWRUHFRJQL]HWKH¶VSOLFHVLWH
IRUPLQJ DQ51$51$GXSOH[ZLWK LW YLD WKH ¶ HQG RI8 VQ51$ DQG SURPRWLQJ VSOLFLQJ
XSRQDGGLWLRQRIVROXEOHSURWHLQIDFWRUV$WSUHVHQWLWLVQRWNQRZQZKLFKRIWKHVHWZRPRGHVRI
VSOLFHRVRPHDVVHPEO\LVSUHIHUHQWLDOO\XVHG$V8VQ513H[LVWVLQH[FHVVRYHU8DQGHYHQ
ODUJHUH[FHVVRYHUWKHWULVQ513LWLVOLNHO\WKDWERWKDVVHPEO\SDWKZD\VFRXOGEHXWLOL]HGDWWKH
VDPHWLPHSRVVLEO\ZLWKVRPHVXEVWUDWHVSHFL¿FSUHIHUHQFHV
)ROORZLQJWKHUHFUXLWPHQWRIDOOVQ513VWRWKHSUHP51$HLWKHUE\WKHVWHSZLVH88WUL
VQ513SDWKZD\RUE\GLUHFWDVVRFLDWLRQRIWKHSHQWDVQ513WZRLPSRUWDQW51$UHDUUDQJHPHQWV
WDNHSKDVH)LUVW8GLVVRFLDWHVDQGDQHZGXSOH[EHWZHHQWKH¶VSOLFHVLWHDQGWKH8VQ51$
LV IRUPHG*HQHWLF VWXGLHV LQ \HDVW LGHQWL¿HG 3US D'([+' ER[ KHOLFDVH WRPHGLDWH WKH
H[FKDQJHRI8E\8DWWKH¶VSOLFHVLWH6WDOH\DQG*XWKULH6HFRQGWKH88GXSOH[
LVGLVUXSWHGE\DQRWKHUKHOLFDVH  WKH8VSHFL¿F.SURWHLQ %UUDQG8VQ513 OHDYHV
WKH VSOLFHRVRPH .LPDQG5RVVL /DJJHUEDXHUHWDO 5DJKXQDWKDQDQG*XWKULH
D7KH¶VSOLFHVLWHLVEURXJKWFORVHWRWKHEUDQFKSRLQWDQGWKH¶VSOLFHVLWHWKURXJK88
VQ51$EDVHSDLULQJDQGWKURXJKWKHLQWHUDFWLRQRI8VQ513ZLWKERWKH[RQVQHDUWKHVSOLFH
VLWHV&KLDUDHWDO$IWHUWKHUHOHDVHRI8VQ513WKHVSOLFHRVRPHLVVWDELOL]HGE\WKH
PXOWLSURWHLQFRPSOH[17&ZKLFKLQFOXGHV3USDQG&'&&KDQHWDO7KDWLQGXFHV
D UHDUUDQJHPHQW RI WKH ¶ VSOLFH VLWH8 GXSOH[ DQG GHVWDELOL]DWLRQ RI WKH8VSHFL¿F /6P
KHSWDPHUZKLFKDOVROHDYHVWKHVSOLFHRVRPH
$W WKLVSRLQW WKHFDWDO\WLFDOO\DFWLYH&FRPSOH[ LV IRUPHG LQZKLFK8 VQ51$ LV DQQHDOHG
ZLWKWKH¶VSOLFHVLWHDQG8VQ51$ZLWKWKHEUDQFKVLWHDWWKHVDPHWLPH8DQG8DUH
DOVREDVHSDLUHGZLWKHDFKRWKHU7KH¿UVWFDWDO\WLFVWHSRIWKHVSOLFLQJLVWULJJHUHGE\WKH51$
KHOLFDVH3US.LPDQG/LQ5R\HWDOFUHDWLQJWKHLQWURQODULDW7KHWZRH[RQV
DUHNHSW LQ FORVHSUR[LPLW\E\ WKH8 VQ513$QRWKHU51$KHOLFDVH3US LV UHTXLUHG IRU
WKHVHFRQG¿QDOVWHSRIWKHVSOLFLQJ2UWOHSSHWDO6FKZHUDQG*XWKULH=KRXDQG
5HHG7KHH[DFWPHFKDQLVPRIWKHFDWDO\VLVLVVWLOOSRRUO\XQGHUVWRRG+RZHYHUWKHUHLV
HYLGHQFHVXJJHVWLQJWKHUHDFWLRQLVFDWDO\]HGE\51$DQGLVDVVLVWHGE\WKH8VSHFL¿F.
SURWHLQ 3US &ROOLQV DQG *XWKULH  UHZLHZHG LQ &ROOLQV DQG *XWKULH  7KH
FRQVHUYDWLRQRIWKH51$VHFRQGDU\VWUXFWXUHRIWKHVQ51$VDQGPRUHUHPDUNDEO\WKHDEVROXWH
FRQVHUYDWLRQRIWKHQXFOHRWLGHVLQWKHSURSRVHGFDWDO\WLFFHQWHUVWURQJO\VXSSRUWVWKLVK\SRWKHVLV

,QDGGLWLRQD0J LRQ LVEHOLHYHG WREH LQYROYHG LQFDWDO\VLVFRRUGLQDWLQJKLJKO\FRQVHUYHG
QXFOHRWLGHVLQWKH8VQ51$
,QWHUHVWLQJO\DQDEXQGDQW888VQ513FRPSOH[LVIRXQGLQ6FKL]RVDFFKDURP\FHVSRPEH
H[WUDFWV +XDQJ HW DO  7KLV LV DQ LQGLFDWLRQ WKDW WKH VORZHVW VWHS RI VSOLFLQJ LQ WKLV
RUJDQLVPPLJKWEHWKHFRPSOHWLRQRIWKHVHFRQGVWHSDQGRUUHOHDVHRIWKHVSOLFHGH[RQV
$IWHUWKLVVWHSWKHVSOLFHRVRPHGLVVRFLDWHV7KH51$KHOLFDVHV3US&RPSDQ\HWDO
6FKZHUDQG0HV]DURVDQG3US$UHQDVDQG$EHOVRQDUHLQYROYHGLQWKHUHOHDVH
RI P51$ DQG WKH ODULDWLQWURQ UHVSHFWLYHO\ 7KH LQWURQODULDW LV GHEUDQFKHG &KDSPDQ DQG
%RHNH5XVNLQDQG*UHHQDQGUDSLGO\GHJUDGHG&KHQDQG2ND\DPD7KH
8DQG8VQ513VDUHUHOHDVHGLQWKHLUVLQJXODUVWDWH,WLVFXUUHQWO\XQNQRZQKRZWKH88
GXSOH[LVGLVUXSWHG7KH8VQ513OHDYHVWKHVSOLFHRVRPHLQWKHIRUPRIDODUJH6SDUWLFOH
0DNDURYHWDOZKLFKODFNVVRPHRIWKH8VSHFL¿FSURWHLQVIRXQGWKH68VQ513
DVZHOODVLQWKHWULVQ513VHH7DEOHIRUGHWDLOVEXWFRQWDLQVQRQVQ513IDFWRUVIRXQGLQ
WKHDFWLYDWHGVSOLFHRVRPHDQGDOVRFRPSRQHQWVWKDWXQWLOQRZKDYHQRWEHHQLGHQWL¿HGLQRWKHU
FRPSOH[HVUHODWHGWRVSOLFLQJ
)LQDOO\ WKH UHOHDVHG VQ513 DUH UHF\FOHG WR FRPSOH[HV WKDW DUH DEOH UHHQWHU WKH VSOLFHRVRPH
F\FOH
7KHUHF\FOLQJVWHSRIWKHVSOLFHRVRPHF\FOH
$V LW KDV EHHQ GLVFXVVHG DERYH DIWHU LQWURQ H[FLVLRQ WKH VSOLFHRVRPDO VQ513V DUH UHOHDVHG
DVFRPSOH[HVWKDWDUHQRWDEOHWRSDUWLFLSDWHGLUHFWO\LQDVVHPEO\RIDQRWKHUVSOLFHRVRPH7KH
VLQJXODU 8 8 DQG 8 VQ513V DUH UHF\FOHG WR UHIRUP WKH VSOLFLQJFRPSHWHQW 888
VQ5135HF\FOLQJLVWKHOHDVWZHOOVWXGLHGSKDVHRIWKHVSOLFHRVRPDOF\FOH7KHSLFWXUHRIWKH
UHF\FOLQJSDWKZD\LVMXVWEHJLQQLQJWRHPHUJH8QWLOQRZLWLVQRWNQRZQLQZKDWIRUPWKH8
VQ513LVUHOHDVHG&RXOGLWSDUWLFLSDWHGLUHFWO\LQDQRWKHUURXQGRIVSOLFLQJRUDUHPRGHOLQJLV
UHTXLUHG"1RGDWDDUHDYDLODEOHDOVRDERXWWKH8VQ513DOWKRXJKWKHUHLVDQLQGLFDWLRQWKDWLW
LVUHOHDVHGDVDODUJHU6SDUWLFOH0DNDURYHWDODIWHUGLVVRFLDWLRQRIWKH&FRPSOH[
7KHFRPSRQHQWVRI WKH WULVQ513DUHGLVVRFLDWHGDWGLIIHUHQWVWDJHVRI WKHVSOLFHRVRPHF\FOH
DVVLQJXODU88DQG8VQ513V7KHSRVWVSOLFHRVRPDO8FRPSOH[KDVQRWEHHQVWXGLHG
VRIDU7KH8VQ513H[LWVWKHVSOLFHRVRPHLQWKHIRUPRIODUJH6FRPSOH[)LUVWLWKDVWR
EHFRQYHUWHGWRWKH68VQ513ZKLFKLVFDSDEOHWRSDUWLFLSDWHLQWKHWULVQ513IRUPDWLRQ
'XULQJ VSOLFHRVRPH DFWLYDWLRQ WKH/6PSURWHLQV DUH GLVSODFHG IURP8 &KDQ HW DO 
,WLVQRWNQRZQKRZDQGDWZKDWVWDJHWKH\UHDVVRFLDWHZLWKWKH¶HQGRI8)LQDOO\WKHWUL
VQ513LVUHVWRUHGIURP68VQ513DQG688VQ513GLVQ5137ZRSURWHLQIDFWRUV
±WKH8VSHFL¿F.DQGWKH88VSHFL¿F.LQWHUDFWZLWKHDFKRWKHUDQGDUHUHTXLUHG
IRU WULVQ513IRUPDWLRQ*RODVHWDO0DNDURYDHWDO3ULRU WRWKDW WKH88
KHWHURGXSOH[QHHGVWREHUHVWRUHG
7KH UHDVVRFLDWLRQ RI8 DQG8 LV SHUKDSV WKHPRVW H[WHQVLYHO\ VWXGLHG UHF\FOLQJ VWHS VHH
EHORZKRZHYHUDOPRVWH[FOXVLYHO\LQWKH\HDVWV\VWHP2QO\UHFHQWO\WKHUHF\FOLQJRIKXPDQ
88VQ513KDVEHHQEURXJKWLQWRIRFXV7KHODWWHUSURFHVVLQYROYHVDGUDPDWLFUHDUUDQJHPHQW
RIWKHVHFRQGDU\VWUXFWXUHVRI8DQG8VQ51$)LJXUH
,QWURGXFWLRQ
 88UHF\FOLQJLQWKH\HDVWV\VWHP
,WKDVEHHQSURSRVHGPRUHWKDQWHQ\HDUVDJRWKDWD\HDVWSURWHLQ3USLVLQYROYHGWKHUHF\FOLQJ
RIWKH88VQ5136KDQQRQDQG*XWKULH3USZDVRULJLQDOO\LGHQWL¿HGE\JHQHWLF
VXSSUHVVLRQVWXGLHV,Q\HDVWLWKDVEHHQVKRZQWKDWLWLVSULPDULO\DVVRFLDWHGZLWK8VQ513
DQGWRDOHVVHUH[WHQWZLWK88VQ513EXWLVQRWSUHVHQWLQWKHWULVQ5135DGHUDQG*XWKULH
6KDQQRQDQG*XWKULH+\GUR[\OUDGLFDOIRRWSULQWLQJDQGLQYLWURFRPSOHPHQWDWLRQ
ZLWKPXWDQW8VQ51$VUHYHDOHGWKDW3USELQGVWR8LQWKHUHJLRQEHWZHHQQXFOHRWLGHV
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)LJXUH  7UDQVLWLRQV LQ KXPDQ 8 DQG 8 VQ51$ VHFRQGDU\ VWUXFWXUHV GXULQJ WKH
UHF\FOLQJRIWKHGLVQ513
7KHHQWLUH¶VWHPORRSRI8VQ51$LVGLVUXSWHGDQGSDUWRIWKH¶WHUPLQDOVWHPORRSRI8VQ51$LV
RSHQHGQHZLQWHUPROHFXODU51$51$LQWHUDFWLRQVDUHIRUPHG7KHQXFOHRWLGHVLQYROYHGLQWKH88
VWHP,DUHVKRZQLQEOXHDQGWKRVHSDUWLFLSDWLQJLQVWHP,,LQUHG

DQG*KHWWLHWDO-DQGURVLW]DQG*XWKULH5\DQHWDO3USKDVIRXU
550PRWLIVDQGDKLJKO\FRQVHUYHGDPLQRDFLGVHTXHQFHDWLWV&WHUPLQDOHQG5DGHUDQG
*XWKULH550VDQGDUHVKRZQWREHLQYROYHGLQGLUHFWLQWHUDFWLRQZLWK8VQ51$
5DGHUDQG*XWKULH9LGDYHUHWDODQG WKH&WHUPLQDOPRWLI DOVRFDOOHG61)/
ER[ELQGVWRWKH/6PFRUHDWWKH¶HQGRI8)URPRQW5DFLQHHWDO5\DQHWDO
%HVLGHVWKHJHQHWLFVWXGLHV5DJKXQDWKDQDQG*XWKULHSURYLGHGGLUHFWELRFKHPLFDOHYLGHQFHWKDW
3USIXQFWLRQDVD88UHF\FOLQJIDFWRULQ\HDVW5DJKXQDWKDQDQG*XWKULH7KH/6P
SURWHLQVHQKDQFHERWKWKHDVVRFLDWLRQRI3USZLWK85\DQHWDODQG88VQ513
UHF\FOLQJ5DGHUDQG*XWKULH
 88UHF\FOLQJLQWKHKXPDQV\VWHP
$OWKRXJK3USKDGEHHQNQRZQDVD88UHF\FOLQJIDFWRULQ6FHUHYLVLDHIRURYHUDGHFDGH
LWVKXPDQFRXQWHUSDUWKDGQRWEHHQIRXQG,WLVNQRZQWKDWWKHUHDVVRFLDWLRQRIKXPDQ8DQG
8VQ51$VLQYLWURUHTXLUHVSURWHLQIDFWRUVVHSDUDWHIURPWKH8VQ513:ROIIDQG%LQGHUHLI
DQGWKLVSURFHVVDSSHDUHGWREH$73LQGHSHQGHQW$VWXG\E\$FKVHOHWDOUHYHDOHG
WKDWWKHKXPDQ/6PFRUHLWVHOIFDQIDFLOLWDWH88GXSOH[IRUPDWLRQLQYLWURUDLVLQJWKHTXHVWLRQ
ZKHWKHURWKHUIDFWRUVLQDGGLWLRQWRWKH/6PSURWHLQVDUHUHTXLUHGWRUHF\FOHWKHGLVQ513LQ
WKHKXPDQV\VWHP5HFHQWO\DKXPDQSURWHLQGLVWDQWO\UHODWHGWR3USFDOOHGSQUE6$57
RUSLQWKHIROORZLQJKDVEHHQGLVFRYHUHG,WFDUULHVWZR550VLQLWV&WHUPLQDOGRPDLQ
DQGWKH61)/ER[DWWKHYHU\&WHUPLQDOHQG7KH1WHUPLQDOSDUWRIWKDWSURWHLQFRQWDLQVVHYHQ
KDOID735PRWLIV+$7VQRWIRXQGLQ3US7KHVHPRWLIVDOVRH[LVWLQRWKHU51$SURFHVVLQJ
IDFWRUVDQGDUHWKRXJKWWREHLQYROYHGLQSURWHLQSURWHLQLQWHUDFWLRQV%ODWFKDQG/lVVOH
3UHNHUDQG.HOOHU$GDWDEDVHVHDUFKUHYHDOHGWKDWWKHUHDUHSURWHLQVIURPRWKHUVSHFLHV
WKDWVKDUHWKHGRPDLQRUJDQL]DWLRQRISUDWKHUWKDQWKDWRI3US%HOOHWDO7KHUHVXOW
RIWKHVHDUFKLVVXPPDUL]HGRQ)LJXUH7KHODFNRI1WHUPLQDO+$7PRWLIVHPSKDVL]HVWKH
\HDVW3USDVDQH[FHSWLRQ UDWKHU WKDQDVDFRQVHUYHGPHPEHURI WKDWJURXSRI VWUXFWXUDOO\
UHODWHGSURWHLQV
3UHYLRXVUHSRUWVRQSGHPRQVWUDWHGWKDWLWLVDQXFOHDUSURWHLQDQGLVH[SUHVVHGLQKLJKOHYHOV
LQYDULRXVWXPRUWLVVXHVDQGFHOOOLQHV*XHWDO<DQJHWDO:RUNE\%HOOHWDO
KDVLGHQWL¿HGSDVDVSHFL¿FSURWHLQFRPSRQHQWRI8DQG88VQ5137KHSURWHLQ
KDVQRWEHHQIRXQGLQWKHWULVQ513QRULQVSOLFHRVRPHVSELQGVGLUHFWO\WR8EXWQRWWR8
VQ51$)LQDOO\XVLQJDQLQYLWURUHF\FOLQJV\VWHPFRXSOHGWRVSOLFLQJWKHDXWKRUVKDYHVKRZQ
WKDWSLVKXPDQ88UHF\FOLQJIDFWRU
$VWXG\E\6WDQHNHWDO UHYHDOHGWKDWSLVHQULFKHGLQWKH&DMDOERGLHV&%VDQG
WKH1WHUPLQDOGRPDLQFRQWDLQLQJ WKH+$7PRWLIV LV UHTXLUHGIRU WKDW ORFDOL]DWLRQ7KHVDPH
JURXSSURSRVHGWKDW88VQ513UHF\FOLQJLQYLYRWDNHVSODFHLQWKH&%V7KH&DMDOERGLHV
DUHVXEQXFOHDUFRPSDUWPHQWVHQULFKHGLQQXFOHDUIDFWRUVLQFOXGLQJVQ513VUHYLHZHGLQ2JJ
DQG/DPRQG7KH&DMDOERGLHVDUHORFDWHGFORVHWRWKHIRFLRIWUDQVFULSWLRQDQGVSOLFLQJ
,QWULJXLQJO\WKH&DMDOERGLHVKDYHUHFHQWO\EHHQLPSOLFDWHGDOVRDVFHQWHUVIRUUHF\FOLQJRIWKH
WULVQ5136FKDIIHUWHWDO
,QWURGXFWLRQ
3K\ORJHQ\DQGHYROXWLRQRISUHP51$LQWURQV
7KHUHLVDFORVHPHFKDQLVWLFVLPLODULW\EHWZHHQSUHP51$VSOLFLQJDQGJURXS,,LQWURQVHOI
VSOLFLQJ,WLVZLGHO\EHOLHYHGWKDWWKHSUHP51$LQWURQVKDYHHYROYHGIURPJURXS,,LQWURQVDQG
WKHFDWDO\WLFFRPSRQHQWVRIVSOLFLQJIXQFWLRQDQDORJRXVO\WRWKHFRQVHUYHGVHFRQGDU\VWUXFWXUH
RIJURXS,,LQWURQV
8 DQG 8W\SH LQWURQV DUH OLNHO\ GHULYHG IURP D FRPPRQ DQFHVWRU DQG KDYH HLWKHU FR
GLYHUJHGZLWKLQWKHVDPHKRVWRUKDYHHYROYHGLQGHSHQGHQWO\DQGODWHUZHUHEURXJKWWRJHWKHU
DVDUHVXOWRIPHUJLQJRIJHQHWLFPDWHULDO(YLGHQFHLQIDYRXURIWKDWK\SRWKHVLVFDPHIURPWKH
FRPSDULVRQRI WKH FDWDO\WLF FRPSRQHQWVSDUWLFLSDWLQJ LQ VSOLFLQJRI WKH WZR W\SHVRI LQWURQV
7KHUHLVDGLUHFWFRUUHVSRQGHQFHRIWKH51$QHWZRUNVWKHVQ51$IXQFWLRQDOHOHPHQWVDQGWKH
VHFRQGDU\VWUXFWXUHVZLWKLQWKHPDMRUDQGWKHPLQRUVSOLFHRVRPHUHYLHZHGLQ7DUQDQG6WHLW]
DQGVLPLODULWLHVLQWKHSURPRWHUVRIWKHVQ51$JHQHV7DUQDQG6WHLW]D0RVWRIWKH
SURWHLQFRPSRQHQWVLQYROYHGLQVSOLFLQJRIWKHPDMRUDQGPLQRULQWURQVDSSHDUWREHLGHQWLFDO
6FKQHLGHUHWDO:LOOHWDO
%\FRPSDULQJLQWURQVLQKRPRORJRXVSRVLWLRQV%XUJHHWDOFRQFOXGHGWKDWWKH8W\SHLQWURQV
RFFXUUHGPXFKPRUHIUHTXHQWO\LQHDUO\HYROXWLRQKLVWRU\DQGZHUHHLWKHUORVWRUFRQYHUWHGWR
8W\SHLQWURQV%XUJHHWDO<HWWKHIHZUHPDLQLQJ8GHSHQGHQWLQWURQVKDYHUHVLVWHG
FRQYHUVLRQDQGKDYHEHHQUHPDUNDEO\FRQVHUYHG6SDIIRUGHWDO$7$&LQWURQVKDYH
EHHQ IRXQGDWQRQKRPRORJRXVSRVLWLRQV LQ VHYHUDOSDUDORJRXVJHQHV %XUJHHWDO$
ODUJHSURSRUWLRQRIWKHJHQHVFRQWDLQLQJPLQRUW\SHLQWURQVHQFRGHSURWHLQVWKDWDUHLQYROYHG
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	
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)LJXUH  &RQVHUYHG GRPDLQ VWUXFWXUHV RI WKH 6FHUHYLVLDH 3US KXPDQ S DQG
UHODWHGSURWHLQVIURPRWKHUVSHFLHV
7KHGRPDLQRUJDQLVDWLRQRIWKH6FHUHYLVLDH3USSURWHLQDQGKXPDQSLVVFKHPDWLFDOO\FRPSDUHGZLWK
WKDWRI3USUHODWHGSURWHLQVIURPWKHIROORZLQJRWKHUVSHFLHV&HOHJDQV$WKDOLDQD'PHODQRJDVWHU
6SRPEHDQG2QRYRXOPL7KHSURWHLQVDUHDOLJQHGUHODWLYHWRWKHLU&WHUPLQDOHQGV7KH550LQEOXH
DQG+$7PRWLIVLQ\HOORZDVZHOODVWKHVKRUW&WHUPLQDOUHJLRQLQUHGDUHLQGLFDWHG$GDSWHGIURP
%HOOHWDO

LQ LQIRUPDWLRQ SURFHVVLQJ LQFOXGLQJ '1$ UHSOLFDWLRQ DQG UHSDLU WUDQVFULSWLRQ VSOLFLQJ DQG
WUDQVODWLRQ%XUJHHWDO
7KHVHREVHUYDWLRQVVXJJHVWWKDWWKH8W\SHLQWURQVZHUHHYROXWLRQDU\UHWDLQHGEHFDXVHWKHLU
SUHVHQFHLVLPSRUWDQWIRUWKHJHQHVKDUERXULQJWKHP3DWHOHWDOKDGGHPRQVWUDWHGWKDW
WKH$7$&LQWURQVDUHH[FLVHGPRUHVORZO\ WKDQ WKHPDMRUW\SH*8$*LQWURQV3DWHOHWDO
7KHUHIRUH WKH8GHSHQGHQWVSOLFLQJPD\EHD UDWHOLPLWLQJVWHS LQJHQHH[SUHVVLRQ
(YHQLIWKH8GHSHQGHQWLQWURQVDUHVRUDUHWKHUHDUHH[DPSOHVRIJHQHVWKDWFRQWDLQWZRDQG
HYHQWKUHH8W\SHLQWURQV%XUJHHWDO/HYLQHDQG'XUELQ
$OWHUQDWLYHSUHP51$VSOLFLQJDQGVSOLFLQJUHJXODWLRQ
7KHUHFHQWO\UHOHDVHGGUDIWRIWKHKXPDQJHQRPHVHTXHQFHUHYHDOHGDVXUSULVLQJO\ORZQXPEHU
RIJHQHVDERXWZLWKPRUHUHFHQWXQSXEOLVKHGHVWLPDWHVRISURWHLQFRGLQJJHQHV
KXPDQ(16(0%/UHOHDVH7RJHQHUDWH WKHHVWLPDWHGSURWHRPHRIDW OHDVW
SURWHLQVGLYHUVHSRVWWUDQVFULSWLRQDOPHFKDQLVPVDUHXVHG2QHPDMRUPHFKDQLVPLVDOWHUQDWLYH
SUHP51$VSOLFLQJUHYLHZHGLQ%ODFN,WKDVEHHQHVWLPDWHGWKDWRIDOOKXPDQJHQHV
RQFKURPRVRPHDUHDOWHUQDWLYHO\VSOLFHG+LGHHWDO$OWHUQDWLYHVSOLFLQJFDQJHQHUDWH
DQ DVWRQLVKLQJ GLYHUVLW\ )RU H[DPSOH WKH'URVRSKLOD'VFDP JHQH FRQWDLQV  DOWHUQDWLYHO\
VSOLFHGH[RQVRUJDQL]HGLQIRXUFOXVWHUV7KHH[RQVZLWKLQHDFKFOXVWHUDUHDOWHUQDWLYHO\VSOLFHG
LQDPXWXDOO\H[FOXVLYHPDQQHUVXFKWKDWWKHP51$VFRQWDLQRQO\RQHYDULDEOHH[RQIURPHDFK
FOXVWHU$VDUHVXOWXSWRGLIIHUHQWP51$VFRXOGEHJHQHUDWHGE\DOWHUQDWLYHVSOLFLQJRID
VLQJOHSUHP51$&HORWWRDQG*UDYHOH\9LUWXDOO\DOOSRVVLEOHVSOLFHVLWHVFRPELQDWLRQV
DUHXVHGLQWKHDOWHUQDWLYHVSOLFLQJRISUHP51$)LJXUHVXPPDUL]HVWKHPDMRUPRGHVRI
DOWHUQDWLYHVSOLFHVLWHXVDJH
$OWHUQDWLYH8GHSHQGHQWVSOLFLQJRFFXUVZLWKDORZHUIUHTXHQF\RIWKHKXPDQ8
GHSHQGHQW LQWURQVDUH DOWHUQDWLYHO\ VSOLFHG FRPSDUHGZLWKRI WKH8GHSHQGHQW LQWURQV
/HYLQHDQG'XUELQ$QLQWHUHVWLQJVSOLFLQJHYHQWRFFXUVLQWKH'PHODQRJDVWHUSURVSHUR
JHQH+HUHD8GHSHQGHQWLQWURQLVÀDQNHGE\8W\SHVSOLFHVLWHVDQGWKLV³LQWURQZLWKLQDQ
LQWURQ´SUHP51$FDQEHVSOLFHGE\HLWKHUWKH8GHSHQGHQWRU8GHSHQGHQWSDWKZD\2WDNH
HWDO
)LJXUH  7\SHV RI
DOWHUQDWLYHVSOLFLQJ
7KH FRQVWLWXWLYH H[RQV
DUH UHSUHVHQWHG E\ RSHQ
ER[HV WKH DOWHUQDWLYH
H[RQV E\ EODFN ER[HV
7KHLQWURQVDUHVKRZQDV
EODFN OLQHV ,Q HDFK FDVH
WKH DOWHUQDWLYH VSOLFLQJ
HYHQWV DUH LQGLFDWHG E\
WKLQ OLQHV DERYH DQG
EHORZ WKH H[RQLQWURQ
GLDJUDP $GDSWHG IURP
&DUWHJQLHWDO
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,QWURGXFWLRQ
$VXEVWDQWLDOSDUWRIWKHDOWHUQDWLYHO\VSOLFHGH[RQVVKRZWLVVXHRUFHOOW\SHVSHFL¿FSDWWHUQV
RI H[SUHVVLRQ 6WDPP HW DO  DQGRU DUH UHJXODWHG GXULQJ GHYHORSPHQW RU LQ UHVSRQVH
WR H[WHUQDO VWLPXOL )RU H[DPSOH LQVXOLQ DGPLQLVWUDWLRQ LQÀXHQFHV WKH LQFRUSRUDWLRQ RI WKH
DOWHUQDWLYHH[RQRIWKHLQVXOLQUHFHSWRU6HOOHWDODQGDFWLYDWHVH[RQ,,LQFOXVLRQLQ
WKH3.&JHQH3DWHOHWDO6HUXPGHSULYDWLRQDOWHUVXVDJHRIWKH65SH[RQ-XPDD
DQG1LHOVHQ,QWKHEUDLQVWUHVVFKDQJHVVSOLFLQJSDWWHUQVRISRWDVVLXPFKDQQHO;LHDQG
%ODFN;LHDQG0F&REEDQGDFHW\OFKROLQHVWHUDVHJHQHV0HVKRUHUHWDO
7KHVSOLFLQJRIWXPRUQHFURVLVIDFWRULVUHJXODWHGE\VUFNLQDVHV*RQGUDQDQG'DXWU\
7LVVXHDQGFHOOW\SHVSHFL¿FDOWHUQDWLYHVSOLFLQJLVVWLOOSRRUO\XQGHUVWRRGEXWLWLVUHJXODWHG
LQWZRPDMRUZD\VWKURXJKWLVVXHVSHFL¿FVSOLFLQJIDFWRUVRUWKURXJKUHJXODWLRQRIWKHUHODWLYH
OHYHOVRIWKHJHQHUDOVSOLFLQJIDFWRUV
$IHZWLVVXHVSHFL¿FVSOLFLQJIDFWRUVKDYHEHHQGHVFULEHGOLNHWKHQHXURQVSHFL¿F1RYDDQG37%
-HQVHQHWDO3RO\GRULGHVHWDODQGWKHPRXVHWHVWLVVSHFL¿FKQ513*SURWHLQ
50%(OOLRWWHWDO1RWPDQ\GDWDDUHDYDLODEOHRQWKHLUPHFKDQLVPRIDFWLRQ
7KHXELTXLWRXVO\H[SUHVVHGJHQHUDOVSOLFLQJIDFWRUVDOVRSDUWLFLSDWHLQUHJXODWLRQRIWKHWLVVXH
VSHFL¿FVSOLFLQJ$OWKRXJKWKH\DUHH[SUHVVHGLQYLUWXDOO\HYHU\WLVVXHLWKDVEHHQVKRZQWKDW
WKHH[SUHVVLRQOHYHOVRIVHYHUDO65SURWHLQVDQGKQ513$DUHQRWWKHVDPHLQGLIIHUHQWWLVVXHV
+DQDPXUDHWDO$VGLVFXVVHGDERYHH[RQUHFRJQLWLRQE\WKHVSOLFLQJPDFKLQHU\LVEDVHG
RQFRRSHUDWLYHDVVHPEO\RI65DQG65OLNHSURWHLQFRPSOH[HVRQSUHP51$WKDWLVDQWDJRQL]HG
E\WKHKQ513SURWHLQV'HYLDWLRQVLQWKHFRQFHQWUDWLRQRIWKHVHSURWHLQVZLOODIIHFWWKHHI¿FLHQF\
RIH[RQUHFRJQLWLRQ$SDUWIURPWKHH[SUHVVLRQOHYHOVRIVSOLFLQJIDFWRUVWKHLUSRVWWUDQVODWLRQDO
PRGL¿FDWLRQVDOVRSOD\DVLJQL¿FDQWUROHLQDOWHUQDWLYHVSOLFLQJUHJXODWLRQ
3URWHLQSKRVSKRU\ODWLRQKDVEHHQVKRZQWRPRGXODWHDOWHUQDWLYHVSOLFLQJRIDQXPEHURIH[RQV
'XHWDO*RQGUDQDQG'DXWU\3UDVDGHWDO6DQIRUGDQG%UX]LN,W
DIIHFWVWKHDELOLW\RIVHYHUDOVSOLFLQJIDFWRUVWRLQWHUDFWZLWK51$'HUU\HWDODQGZLWK
RWKHUSURWHLQV;LDRDQG0DQOH\<HDNOH\HWDO3URWHLQSKRVSKRU\ODWLRQFRQWUROV
WKHUHOHDVHRIWKH65SURWHLQVIURPWKHVWRUDJHFRPSDUWPHQWVLQWKHQXFOHXV+DUWPDQQHWDO
DQGFDXVHVUHORFDOL]DWLRQRIKQ513SURWHLQVWRWKHF\WRSODVPYDQGHU+RXYHQYDQ2RUGW
HWDO,QDOOFDVHVWKHDFWLYHFRQFHQWUDWLRQRIVSOLFLQJIDFWRUVZLOOEHDOWHUHGDQGDVUHVXOW
DOWHUQDWLYHVSOLFLQJSDWWHUQVZLOOFKDQJH6HYHUDOSURWHLQNLQDVHVKDYHEHHQVKRZQWRVSHFL¿FDOO\
SKRVSKRU\ODWHWKH65UHSHDWVRIVSOLFLQJIDFWRUVUHYLHZHGLQ6WRMGODQG%HOO6RPHRI
WKHPDUHXELTXLWRXVO\H[SUHVVHGOLNHWKHJHQHUDOVSOLFLQJIDFWRUVWKHH[SUHVVLRQOHYHOVRIRWKHUV
KRZHYHUYDU\VLJQL¿FDQWO\EHWZHHQGLIIHUHQWWLVVXHV
$OWHUQDWLYHVSOLFLQJFDQDOVREHUHJXODWHGE\WKURXJKVLJQDOWUDQVGXFWLRQFDVFDGHV/\QFKDQG
:HLVVYDQGHU+RXYHQYDQ2RUGWHWDO:HJ5HPHUVHWDODOWKRXJKWKH
PHFKDQLVPVE\ZKLFKWKLVLVDFKLHYHGDUHVWLOOSRRUO\XQGHUVWRRG
 VQ513ELRJHQHVLV
7KHELRJHQHVLVRIWKHVSOLFHRVRPDOVQ513VLVDFRPSOH[SURFHVVPDQ\DVSHFWVRIZKLFKUHPDLQ
SRRUO\XQGHUVWRRGUHYLHZHGLQ:LOODQG/KUPDQQ,WLQYROYHVSURFHVVLQJRIWKHQDVFHQW

VQ51$WUDQVFULSWVVLGHFKDLQPRGL¿FDWLRQVDQGSURWHLQDVVHPEO\
$SSDUHQWO\8888DQGWKHLUPLQRUVSOLFHRVRPHDQDORJXHVIROORZRQHJHQHUDOSDWKZD\
RI VQ513ELRJHQHVLV7KHLU51$FRPSRQHQWVDUH WUDQVFULEHGE\51$SRO\PHUDVH ,, DVSUH
VQ51$V7KHVHWUDQVFULSWVUHFHLYHDQP*FDSDQGDUHH[SRUWHGE\D8VQ51$VSHFL¿FH[SRUW
FRPSOH[ 2KQR HW DO  ,Q WKH F\WRSODVP D FRPSOH[ RI VHYHQ 6P SURWHLQV LV EHLQJ
GHSRVLWHG WR WKH SUHVQ51$V LQ DQ RUGHUHG VWHSZLVH PDQQHU 7KH 6P SURWHLQV IRUP WKUHH
GLVWLQFWKHWHURPHULFFRPSOH[HV6P%%¶6P'6P'6P'DQG6P(6P)6P*5DNHUHW
DO7KH6PSURWHLQVDUHV\PPHWULFDOO\GLPHWK\ODWHGDWWKHLU&WHUPLQDODUJLQLQHUHVLGXHV
)ULHVHQHWDOD)ULHVHQHWDOEDQG WKHQDVVRFLDWHZLWKDQROLJRPHULFFRPSOH[
FRQWDLQLQJ601*HPLQDQGRWKHUSURWHLQV7KH601FRPSOH[DVVLVWVLQWKHGHSRVLWLRQ
RIWKH6PSURWHLQVWRWKHFRQVHUYHG6PELQGLQJVLWH<$8*5RIWKH8VQ51$V)LVFKHUHW
DO/LXHWDO$IWHUWKH6PFRUHDVVHPEO\WKHP*FDSLVFRQYHUWHGWRD
WULPHWK\ODWHGJXDQRVLQHFDS0DWWDMDQGWKH SUHVQ51$XQGHUJRHV¶HQGPDWXUDWLRQ
6HLSHOWHWDO7KHDVVHPEOHGVQ513FRPSOH[HVDUHWKHQLPSRUWHGEDFNLQWKHQXFOHXV
ZKLFK LVGHSHQGHQWRQ WKHSUHVHQFHRIERWK WKH6PFRPSOH[DQGWKHK\SHUPHWK\ODWHG¶FDS
)LVFKHUHWDO+XEHUHWDO
%HIRUHWKHDVVRFLDWLRQRIWKHSDUWLFOHVSHFL¿FSURWHLQVWKH8VQ51$VDUHLQWHUQDOO\PRGL¿HGDW
VHYHUDOSRVLWLRQVPDLQO\E\SVHXGRXULGLQ\ODWLRQRU¶2PHWK\ODWLRQ
6RPHRIWKHVHPRGL¿FDWLRQVDUHHVVHQWLDOIRUVSOLFLQJ<XHWDO7KHPLQRUFODVVVQ51$V
DUHPRGL¿HG DW IHZHU SRVLWLRQV WKDQ WKHLUPDMRU FODVV FRXQWHUSDUWV 0DVVHQHW DQG %UDQODQW

7KH ELRJHQHVLV RI WKH 8 DQG 8DWDF VQ513V GLIIHU LQ PDQ\ ZD\V IURP WKDW RI WKH RWKHU
VSOLFHRVRPDOVQ513DQGLVEHOLHYHGWRWDNHSODFHHQWLUHO\LQ WKHQXFOHXV8DQG8DWDFDUH
WUDQVFULEHGE\51$SRO\PHUDVH,,,7KH/DSURWHLQLVDNQRZQFKDSHURQHRIWKHSRO\PHUDVH,,,
SURGXFWVDQGELQGVWRWKH¶HQGDQGVWDELOL]HVQDVFHQW8DQGSUREDEO\8DWDFVQ51$V3DQQRQH
DQG:ROLQ3DQQRQHHWDO8DQG8DWDFVQ51$VDFTXLUHDJPRQRPHWK\OFDS
VWUXFWXUH6LQJKDQG5HGG\7DUQDQG6WHLW]8VQ51$LVWUDQVLHQWO\ORFDWHGWR
WKHQXFOHROXVZKHUHLWLVLQWHUQDOO\SVHXGRXULGLQ\ODWHGDQG¶2PHWK\ODWHG*DQRWHWDO
7\FRZVNLHWDO)LQDOO\DFRPSOH[RIVHYHQSURWHLQV/6PWRVLPLODU WR WKH6P
SURWHLQVFRPPRQIRUDOORWKHU8VQ513VLVGHSRVLWHGDWWKH¶HQGRI8DQG8DWDFVQ51$V
$FKVHOHWDO 9LGDOHWDO $WSUHVHQW WKHUH LVQR LQGLFDWLRQ WKDW WKH/6PFRUH
DVVHPEO\LVDVVLVWHGLQDZD\OLNHWKH601FRPSOH[GRHVIRUWKH6PFRUH
7KH¶HQG8VQ51$LVSURFHVVHGDQGPRGL¿HG)RXU WHUPLQDOXULGLQHVDUHHQFRGHGE\ WKH
KXPDQ 8 VQ51$ JHQH 8VSHFL¿F WHUPLQDO XULG\O\O WUDQVIHUDVH 7ULSSH HW DO  DQG
QXFOHDVH%RRWKDQG3XJKDFWLYLWLHVFDQDGGDQGUHPRYHXULGLQHVIURPWKH¶HQGRI8
SRVWWUDQVFULSWLRQDOO\JHQHUDWLQJDKHWHURJHQHRXVSRSXODWLRQRI8VQ51$VZLWKD¶SRO\8
VWUHWFKYDU\LQJLQOHQJWKXSWRQXFOHRWLGHV 7KHVHSURFHVVLQJHYHQWVPLJKWEHFRXSOHGWR
VSOLFLQJ7D]LHWDO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ZHUH FKHFNHG DV LQWHUQDO FRQWURO 7KH EDVHSDLULQJ VWDWXV RI 8 8 8DWDF DQG 8DWDF
VQ51$V ZDV GHWHUPLQHG E\ &V&O JUDGLHQW IUDFWLRQDWLRQ DQG 1RUWKHUQ EORW DV GHVFULEHG LQ
VHFWLRQ
 6LOYHUVWDLQLQJ
7KH51$VDPSOHVZHUHVHSDUDWHGE\GHQDWXULQJHOHFWURSKRUHVLVLQDFU\ODPLGHJHO7KHJHO
ZDV¿[HGIRUDWOHDVWKRXULQPHWKDQRODFHWLFDFLGDQGLQFXEDWHGWZLFHIRUPLQ
LQHWKDQRODFHWLFDFLGVROXWLRQ$IWHUULQVLQJIRUVHFZLWKGLVWLOOHGZDWHUWKHJHOZDV
LPSUHJQDWHGIRUPLQZLWKP0$J12IRUPDOGHK\GH7KHJHOZDVZDVKHGDJDLQ
ZLWKGLVWLOOHGZDWHUIRUVHFDQGGHYHORSHGLQP0VRGLXPFDUERQDWHIRUPDOGHK\GH
XQWLOWKH51$EDQGVUHDFKHGDQDSSURSULDWHLQWHQVLW\DQGWKHQVWRSSHGIRUDWOHDVWPLQLQ
DFHWLFDFLG7RGHFUHDVHWKHEDFNJURXQGVWDLQLQJWKHGHYHORSHUZDVFKDQJHGWZLFHRUWKUHHWLPHV
DIWHURQHPLQXWHRILQFXEDWLRQ
0DWHULDOVDQGPHWKRGV
 VQ513DI¿QLW\VHOHFWLRQ
6HOHFWLRQRI8VQ513DQGSRVWVSOLFHRVRPDO8VQ513
8DQG8VQ513VZHUHDI¿QLW\VHOHFWHGIURPSGHSOHWHG+H/DQXFOHDUH[WUDFWLQFXEDWHG
XQGHUUHF\FOLQJFRQGLWLRQVGHVFULEHGLQVHFWLRQ7KHH[WUDFWZDVVXEVHTXHQWO\IUDFWLRQDWHG
WKURXJKJO\FHUROJUDGLHQWVWKHIUDFWLRQFRQWDLQLQJWKHSHDNRI8VQ513ZDVFROOHFWHG
DQGWKHJO\FHUROFRQFHQWUDWLRQZDVGHFUHDVHGWROHVVWKDQE\GLOXWLRQZLWKZDVKLQJEXIIHU
P0+(3(6.2+S+P0.&OP00J&OP0'7713

7KHGLOXWHGSRVWVSOLFHRVRPDOH[WUDFWVZHUHWKHQURWDWHGVORZO\RQDZKHHOIRUKRXUDWURRP
WHPSHUDWXUHLQWKHSUHVHQFHRIELRWLQ\ODWHG51$ROLJRQXFOHRWLGHVWKDWVSHFL¿FDOO\DQQHDOWR
8RU8VQ51$V)RUVHOHFWLRQRISRVWVSOLFHRVRPDO8VQ513PJ8ELR51$
ROLJRQXFOHRWLGHZDVXVHGSHUPORIQXFOHDUH[WUDFW)RUVHOHFWLRQRI8VQ513PJRI8
ELR51$ROLJRQXFOHRWLGHZHUHLQFXEDWHGZLWKGLOXWHGJUDGLHQWIUDFWLRQFRUUHVSRQGLQJWR
PORIQXFOHDUH[WUDFW
7KHVHOHFWHGVQ513VZHUHWKHQLPPRELOL]HGE\VORZURWDWLRQIRUKRXUVDWq&RQQHXWUDYLGLQ
DJDURVHEHDGVSUHEORFNHGRYHUQLJKWLQZDVKLQJEXIIHUFRQWDLQLQJPJPO%6$PJPO
\HDVWW51$DQGPJPOJO\FRJHQPORISDFNHGQHXWUDYLGLQDJDURVHEHDGVZHUHXVHGSHU
PJRIELRWLQ\ODWHG51$ROLJRQXFOHRWLGH7KHEHDGVZHUHZDVKHG¿YHWLPHVIRUPLQZLWK
ZDVKLQJEXIIHU7KHDVVRFLDWHGSURWHLQVZHUHHOXWHGE\WZRVXEVHTXHQWLQFXEDWLRQVIRU
PLQDWURRPWHPSHUDWXUHZLWKPO0DQG0XUHDDQGSUHFLSLWDWHGRYHUQLJKWDWq&LQWKH
SUHVHQFHRI¿YHYROXPHVRIDFHWRQH7KH51$VZHUHHOXWHGE\LQFXEDWLRQIRUPLQDWq&
ZLWK[SURWHLQDVH.EXIIHUDQGSUHFLSLWDWHGE\HWKDQRO
6HOHFWLRQRI8VQ513IURP+H/D6H[WUDFW
8VQ513ZDVVHOHFWHGVLPLODUO\IURP+H/D6H[WUDFWGLOXWHGZLWKYROXPHVRIZDVKLQJ
EXIIHU7RGHVWUR\WKH88VQ513WKHH[WUDFWVZHUHSUHLQFXEDWHGIRUPLQDWq&LQ
WKHSUHVHQFHRIP06DQWL86DQWL8'1$ROLJRQXFOHRWLGHVDQG8PO51DVH+
)RUSUHSDUDWLYHVFDOH8VHOHFWLRQPO6ZDVGLOXWHGWRPOZLWKZDVKLQJEXIIHU
DQGLQFXEDWHGIRUKRXUDWURRPWHPSHUDWXUHZLWKPJ8ELR51$ROLJRQXFOHRWLGH
7KHVHOHFWHGVQ513ZDVLPPRELOL]HGRQPOSUHEORFNHGQHXWUDYLGLQHDJDURVHEHDGVE\VORZ
URWDWLRQIRUKRXUVDWq&7KHEHDGVZHUHZDVKHGIRXUWLPHVIRUPLQZLWKZDVKLQJEXIIHU
FRQWDLQLQJP0.&ODQGRQHODVWWLPHZLWKZDVKLQJEXIIHU7KHSURWHLQVDQG51$V
ZHUHHOXWHGE\LQFXEDWLRQIRUPLQDWq&ZLWK[SURWHLQDVH.EXIIHURIWKHHOXDWHZDV
SKHQROL]HGWKH51$SUHFLSLWDWHGDQGDQDO\]HGE\HOHFWURSKRUHVLVLQGHQDWXULQJJHODQGVLOYHU
VWDLQLQJ7KHUHVWZDVUXQRQ6'63$*(WKHJHOZDVVWDLQHGE\&RRPDVVLHEOXH5IRU
PLQDQGGHVWDLQHGXQWLOWKHEDFNJURXQGZDVFOHDU7KHEDQGVRILQWHUHVWZHUHFXWRXWIURPWKH
JHOLQFXEDWHGWZLFHIRUPLQLQDFHWRQLWULOHDQGVHQWRQGU\LFHIRUPDVVVSHFWURPHWULF
LGHQWL¿FDWLRQ:6/DQH+DUYDUG0LFURFKHPLVWU\)DFLOLW\

 DQWL70*LPPXQRDI¿QLW\FKURPDWRJUDSK\
7KH SHDN IUDFWLRQ RI SRVWVSOLFHRVRPDO8 VQ513ZDV SUHSDUHG DQG GLOXWHG DV GHVFULEHG LQ
VHFWLRQ7KHIUDFWLRQZDVUXQWKURXJKDPO+6HSKDURVHFROXPQHTXLOLEUDWHGLQ
ZDVKLQJEXIIHU7KHÀRZWKURXJKZDVORDGHGIRUDVHFRQGWLPH7KHLPPRELOL]HGVQ513V
ZHUHZDVKHGE\YROXPHVRIZDVKLQJEXIIHUDQGHOXWHGIRUPLQLQPOZDVKLQJ
EXIIHUFRQWDLQLQJP0PHWK\OJXDQRVLQH7KHFROXPQZDVUHJHQHUDWHGE\ZDVKLQJZLWK
YROXPHVRI0XUHDDQGVWRUHGDWq&LQ[3%6FRQWDLQLQJ1D1
 7UDQVLHQWWUDQVIHFWLRQLQ+(.FHOOV
7KHWUDQVIHFWLRQZLWKFDOFLXPSKRVSKDWHSUHFLSLWDWHLVEDVHGRQWKHSURWRFRORI&KHQDQG2ND\DPD
&KHQDQG2ND\DPD+(.FHOOVZHUHUHSODWHGWKHGD\EHIRUHWKHWUDQVIHFWLRQLQFP
SODWHVDQGJURZQLQPO'0(0FRQWDLQLQJ)%6DWq&&2,PPHGLDWHO\EHIRUH
WKHWUDQVIHFWLRQWKHFHOOVZHUHH[SRQHQWLDOO\JURZLQJDQGKDYHUHDFKHGFRQÀXHQF\
ȝJRIH[SUHVVLRQFRQVWUXFWS+,/RUS+,/$.ZDVPL[HGZLWKȝORI0&D&OLQ
PO¿QDOYROXPH$QHTXDOYROXPHRI[+%6EXIIHUP0+(3(61D2+S+
P01D&OP0.&OP01D+32P0JOXFRVHZDVDGGHGGURSZLVHZLWKFRQVWDQW
YRUWH[LQJ7KHVROXWLRQZDVDOORZHGWRVWD\DWURRPWHPSHUDWXUHIRUPLQWRIRUPDSUHFLSLWDWH
DQGWKHQDGGHGGURSZLVHWRWKHJURZWKPHGLXP7RH[SUHVVWKHWUDQVIHFWHGSODVPLGFHOOVZHUH
JURZQDWq&&27\SLFDOO\WKHWUDQVIHFWLRQHI¿FLHQF\UDQJHGEHWZHHQDQGDV
GHWHUPLQHGE\FRQWUROWUDQVIHFWLRQVZLWKS(*)3)SODVPLG
 ,QVLWXLPPXQRÀXRUHVFHQFH
&HOOVJURZQRQJODVVFRYHUVOLSVDQGWUDQVIHFWHGZLWKS+,/RUS+,/SSODVPLGVZHUH¿[HG
KRXUVDIWHUWUDQVIHFWLRQZLWKIUHVKO\SUHSDUHGSDUDIRUPDOGHK\GHLQ[3%6IRUPLQXWHV
DWR&7KHFHOOVZHUHZDVKHGWZLFHZLWK[3%6DQGZHUHSHUPHDELOL]HGLQ7ULWRQ;
3%6IRUPLQ7KHFRYHUVOLSVZHUHZDVKHGZLWK3%67DQGEORFNHGIRUKRXULQEORFNLQJ
VROXWLRQ%6$LQ3%677KHFRYHUVOLSVZHUHWKHQLQFXEDWHGIRUKRXULQDQWL*67JRDW
DQWLERG\ GLOXWHG  LQ %367$ FRQWURO LQFXEDWLRQ ZLWK DQWL6& UDEELW DQWLERG\ ZDV
FDUULHGRXWLQSDUDOHO$IWHUWKUHHZDVKHVZLWK3%67WKHFRYHUVOLSVZHUHLQFXEDWHGIRUKRXU
LQÀXRUHVFHLQODEHOHGDQWLJRDWRUDQWLUDEELWVHFRQGDU\DQWLERGLHVGLOXWHGLQEORFNLQJ
VROXWLRQ7KHFRYHUVOLSVZHUHZDVKHG¿YHWLPHVZLWK3%67DQGZHUHPRXQWHGRQPLFURVFRSH
VOLGHVZLWKDQWLIDGLQJ*HO0RXQWPHGLXP6OLGHVZHUHVWRUHGDWq&7KHORFDOL]DWLRQRI*67
*67SDVZHOODVRIWKHHQGRJHQRXV6&ZDVGHWHUPLQHGE\ÀXRUHVFHQFHPLFURVFRS\ZLWK
DQP¿OWHU
 *67SSXOOGRZQ
3UHSDUDWLYHVFDOHWUDQVIHFWLRQVZLWKS+,/RUS+,/SSODVPLGVZHUHFDUULHGRXWLQIRXUFP
GLVKHV7KHFHOOVZHUHWU\SVLQL]HGKRXUVDIWHUWKHWUDQVIHFWLRQKDUYHVWHGDQGZDVKHGE\3%6
7KHFHOOVZHUHDOORZHGWRVZHOOLQRQHSDFNHGFHOOYROXPHRIEXIIHU$P0+(3(6.2+
S+P0.&OP00J&OP0'77IRUPLQRQLFHWKHQEURNHQE\SDVVLQJ
0DWHULDOVDQGPHWKRGV
WLPHVWKURXJKDWKLQK\SRGHUPLFQHHGOH7ZRFHOOYROXPHVRIEXIIHU&P0+(3(6.2+
S+JO\FHUROP01D&OP00J&OP0('7$P0'77ȝJPO
DSURWLQLQP0306)ZHUHDGGHGDQGWKHFHOOKRPRJHQDWHZDVLQFXEDWHGZLWKVWLUULQJIRU
PLQXWHVDWq&7KHQXFOHDUGHEULVZDVUHPRYHGE\FHQWULIXJDWLRQDWJIRUPLQDW
q&DQGWKHFHOOH[WUDFWWKHVXSHUQDWDQWZDVGLDO\]HGIRUKRXUVDWq&DJDLQVWEXIIHU'7KH
H[WUDFWVZHUHGLOXWHGZLWKIRXUYROXPHVRIZDVKLQJEXIIHUDQGVORZO\URWDWHGIRUKRXUVDW
q&ZLWKȝOJOXWDWKLRQH6HSKDURVHEHDGV7KHEHDGVZHUHEORFNHGSULRUWRWKDWDVGHVFULEHG
LQVHFWLRQ7KHQWKHEHDGVZHUHVSOLWLQWRWKUHHDOLTXRWVRIȝODQGZDVKHGIRXUWLPHV
ZLWK ZDVKLQJ EXIIHUV FRQWDLQLQJ  P0  P0 DQG  P0 .&O UHVSHFWLYHO\$IWHU
RQH¿QDOZDVKZLWKZDVKLQJEXIIHUWKHLPPRELOL]HG*67DQG*67SFRPSOH[HVZHUH
HOXWHGIRUPLQDWq&E\[SURWHLQDVH.EXIIHU$RQHTXDUWHUDOLTXRWRIWKHVHHOXDWHVZDV
DQDO\]HGE\6'63$*(IROORZHGE\5RWL%OXHVWDLQLQJ7KHRWKHUWKUHHTXDUWHUVZHUHWUHDWHG
ZLWKSURWHLQDVH.SKHQROL]HGWKH51$ZDVSUHFLSLWDWHGVHSDUDWHGRQGHQDWXULQJJHOVDQG
GHWHFWHGE\VLOYHUVWDLQLQJDQG1RUWKHUQK\EULGL]DWLRQ

5HVXOWV
 SLVDSURWHLQFRPSRQHQWRI88DWDFDQG88VQ513VEXW
QRWRI8DWDF8DWDFVQ513
8VLQJLPPXQRSUHFLSLWDWLRQZLWKDQWLSDQWLERGLHVIURPERWK+H/DQXFOHDUDQG6H[WUDFWV
IROORZHGE\S&SODEHOLQJRUVLOYHUVWDLQLQJLWKDVEHHQVKRZQSUHYLRXVO\WKDWSLVVSHFL¿FDOO\
DVVRFLDWHGZLWK8DQG88VQ513V%HOOHWDO8DWDFDQG8DWDFVQ51$VRFFXUDWD
PXFKORZHUDEXQGDQFHDQGZHUHQRWGHWHFWHG7RWHVWZKHWKHUSLVDOVRDSURWHLQFRPSRQHQW
RI8DWDFDQG8DWDF8DWDFVQ513VDQWLSLPPXQRSUHFLSLWDWHVIURP+H/DQXFOHDUH[WUDFW
ZHUHDQDO\]HGE\1RUWKHUQK\EULGL]DWLRQZLWK8DWDFDQG8DWDFVSHFL¿FSUREHV)LJXUH
ODQHVDQWLS,31RQLPPXQHDQWLVHUXPZDVXVHG LQFRQWURO LPPXQRSUHFLSLWDWLRQVODQHV
1,6 ,3&RQVLVWHQWZLWK WKHSUHYLRXV VWXGLHV DQWLSDQWLERGLHV EXWQRW WKHQRQLPPXQH
DQWLVHUXP HI¿FLHQWO\ SUHFLSLWDWHG ERWK 8 DQG8 VQ51$V ,Q FRQWUDVW QR VLJQDOV IRU 8
8 QRU8 VQ51$ZHUH GHWHFWDEOH8DWDF VQ51$
ZDV FRLPPXQRSUHFLSLWDWHG E\ DQWLS DQWLERGLHV
ZLWKDQHI¿FLHQF\FRPSDUDEOHWRWKDWRI8VQ51$
KRZHYHURQO\EDFNJURXQGOHYHOVRI8DWDFFRXOGEH
GHWHFWHG
6LPLODU FRLPPXQRSUHFLSLWDWLRQ DVVD\V ZHUH FDUULHG
RXWIURP+H/D6H[WUDFWZLWKWKHRQO\GLIIHUHQFH
WKDW WKH 51$V ZHUH GHWHFWHG E\ SULPHU H[WHQVLRQ
LQVWHDG RI 1RUWKHUQ ,W JDYH HVVHQWLDOO\ WKH VDPH
UHVXOWV )LJXUH  8 8 DQG 8DWDF VQ51$V
ZHUHDVVRFLDWHGZLWKSFRPSDUHODQHVDQG
DQGDQGEXWRQO\WUDFHDPRXQWVRI8DWDF
VQ51$ FRLPPXQRSUHFLSLWDWHG ZLWK S FRPSDUH
ODQHVDQG
7KHUHIRUH LQ FRQWUDVW WR8 DQG8 VQ51$VRI WKH
PDMRUVSOLFHRVRPHSLVSULPDULO\DVVRFLDWHGZLWK
WKH8DWDF VQ513EXW LV DOPRVWXQGHWHFWDEOH LQ WKH
8DWDF8DWDFVQ513
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)LJXUH+XPDQSSURWHLQLVDVVRFLDWHGSULPDULO\ZLWKWKHVLQJXODU8DWDFVQ513
EXWQRWWKH8DWDF8DWDFGLVQ513LQ+H/DQXFOHDUH[WUDFW
,PPXQRSUHFLSLWDWLRQV ZHUH GRQH IURP +H/D QXFOHDU H[WUDFW XVLQJ DQWLS DQWLERGLHV ODQHV DQWL
S,3RUQRQLPPXQHDQWLVHUXPODQHV1,6,351$ZDVSUHSDUHGIURPWKHLPPXQRSUHFLSLWDWHVDQG
RIWKHLQSXWODQHVLQSXWIROORZHGE\1RUWKHUQK\EULGL]DWLRQDQDO\VLVXVLQJDPL[HGSUREH
GHWHFWLQJ8888DQG8VQ51$VRUSUREHVVSHFL¿FIRU8DWDFDQG8DWDF6LQFH8VQ51$
ZDVPRUHGLI¿FXOW WRGHWHFW WKDQ WKHRWKHU VQ51$V DQ DGGLWLRQDO ORQJHU H[SRVXUH LV VKRZQ IRU WKLV
VQ51$LQWKHPLGGOHSDQHO,QDGGLWLRQLPPXQRSUHFLSLWDWLRQHI¿FLHQFLHVZHUHTXDQWLWDWHGDQGOLVWHGRQ
WKHULJKWLQRIWKHLQSXW
5HVXOWV
 VQ51$VHTXHQFHUHTXLUHPHQWVIRUSELQGLQJ
$IWHULGHQWLI\LQJWKH8DWDFVQ51$DVDVHFRQGSWDUJHWWKH51$VHTXHQFHUHTXLUHPHQWV
IRUSELQGLQJRI8DQG8DWDFVQ51$VZHUHGHWHUPLQHG,PSRUWDQWO\8DQG8DWDFVKDUH
RQO\  RYHUDOO VHTXHQFH LGHQWLW\ DQG WKHUHIRUH FRPSDULQJ WKH VHTXHQFH UHTXLUHPHQWV IRU
S51$ELQGLQJRQWKHVHWZRIXQFWLRQDOO\UHODWHGVQ51$VVKRXOGUHYHDOPRUHDERXWWKH51$
ELQGLQJVSHFL¿FLW\RIS,WKDVEHHQGHPRQVWUDWHGSUHYLRXVO\%HOOHWDOWKDWWKH¶DQG
¶WHUPLQDOSDUWVRI8VQ51$DUHQRWUHTXLUHGIRUSELQGLQJ,QWKLVVWXG\SELQGLQJWR
WKHFHQWUDOSDUWRI8VQ51$KDVEHHQH[DPLQHGLQPRUHGHWDLO
:LOGW\SH8DQG8DWDF VQ51$VGHULYDWLYHV FRQWDLQLQJ LQWHUQDO UHJLRQVRI8 DVZHOO DV
WKH¶WHUPLQDOVWHPORRSRI8DWDF8DWDFDQGWKH¶WHUPLQDOQXFOHRWLGHVZHUH
WUDQVFULEHG E\751$SRO\PHUDVH ODEHOHGZLWK >3@S&S DQG LQFXEDWHGZLWK UHFRPELQDQW
+LVWDJJHGSSURWHLQ)LJXUHSDQHO$VHHSDQHO%IRUDVFKHPDWLFUHSUHVHQWDWLRQRIWKH
51$V%RXQG51$VZHUHVHOHFWHGRQ1L17$DJDURVH
:LOGW\SH8DQG8PXWDQWHI¿FLHQWO\DVVRFLDWHGZLWKS7KH8PXWDQWZDV
WKHQVSOLWLQWRWZRVKRUWHUGHULYDWLYHV8ZKLFKFRPSULVHVPRVWRIWKHVWHPORRSDQG
8ZKLFKFRQWDLQVWKHUHVWRI82QO\8ZDVUHFRJQL]HGE\
S8ZDVERXQGDWEDFNJURXQGOHYHOV
)XOOOHQJWK8DWDFDVZHOODVWKHPXWDQWFRQWDLQLQJRQO\WKH¶VWHPORRS8DWDFZHUH
DOVRERXQGE\SZKHUHDVWKHORQJ¶WHUPLQDOIUDJPHQW8DWDFZDVQRWDVVRFLDWHG
ZLWKS
7KUHHVPDOOHU8DQG8DWDFGHULYDWLYHVZHUHWHVWHGIRUSELQGLQJ8ODFNLQJWKH
¶SDUWRIWKHVWHPORRS8DWDFDQG8DWDF)LJXUHSDQHO$VHHSDQHO%
IRUDVFKHPDWLFUHSUHVHQWDWLRQRIWKH51$V8DQG8ZHUHLQFOXGHGLQ
WKLVDVVD\DVSRVLWLYHDQGQHJDWLYHFRQWUROUHVSHFWLYHO\(DFKRIWKHVHVKRUWHUGHULYDWLYHVZDV
HI¿FLHQWO\VHOHFWHGRQ1L17$DJDURVHGHSHQGHQWRQWKHSUHVHQFHRI+LVWDJJHGS
7RPDSPRUHSUHFLVHO\WKH¶HQGVRIWKHVHTXHQFHHOHPHQWVUHFRJQL]HGE\S8
DQG8DWDFVQ51$VZHUH¶HQGODEHOHGE\>3@S&SDQGSDUWLDOO\GLJHVWHGE\DONDOLQH
K\GURO\VLVJHQHUDWLQJDSRRORIROLJRQXFOHRWLGHVVKRUWHQHGDWWKHLU¶HQGV
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)LJXUH  +XPDQ S
SURWHLQ LV D FRPSRQHQW
RI WKH 8DWDF VQ513 EXW
QRW RI WKH 8DWDF8DWDF
GLVQ513 LQ +H/D 6
H[WUDFW
,PPXQRSUHFLSLWDWLRQV ZHUH
GRQH IURP +H/D 6 H[WUDFW
XVLQJDQWLSDQWLERGLHVODQHV
SRUQRQLPPXQHDQWLVHUXP
ODQHV1,651$ZDVSUHSDUHG
IURP WKH LPPXQRSUHFLSLWDWHV
DQG WKH LQSXW ODQHV LQSXW IRU
8DWDFDQG8DWDFIRU8DQG8DQGDQDO\]HGE\SULPHUH[WHQVLRQXVLQJVQ51$VSHFL¿F
SULPHUVDVLQGLFDWHG0S%5+SD,,PDUNHUIUDJPHQWVQXFOHRWLGHV

)LJXUH6HTXHQFHUHTXLUHPHQWVIRUSELQGLQJSLQWHUDFWVZLWKWKHFHQWUDOSDUWRI
8VQ51$DQGWKH¶VWHPORRSRI8VQ51$
$SELQGLQJWRLQWHUQDO8IUDJPHQWVDVZHOODVWR¶RU¶WUXQFDWHGPXWDQWVRI8DWDFVQ51$
3ODEHOHGZLOGW\SH8DQG8DWDFDVZHOODV WKUHHGHULYDWLYHVFRQWDLQLQJ LQWHUQDO IUDJPHQWVRI8
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5HVXOWV
DQG WZR ¶ DQG ¶ WUXQFDWLRQV RI8DWDF DV LQGLFDWHG DERYH WKH ODQHV VHH SDQHO%ZHUH LQFXEDWHG
ZLWK UHFRPELQDQW+LVWDJJHGSSURWHLQ IROORZHGE\1L17$SUHFLSLWDWLRQDQG UHFRYHU\RIERXQG
PDWHULDO7KDWPDWHULDODQGRIWKH51$LQSXWZHUHDQDO\]HGRQDGHQDWXULQJJHOIROORZHGE\
DXWRUDGLRJUDSK\7KHSRVLWLRQVRIS%5+SD,,PDUNHUIUDJPHQWVDUHVFKHPDWLFDOO\LQGLFDWHGRQWKH
OHIW
%8DQG8DWDFVHFRQGDU\VWUXFWXUHPRGHOV7KHLQWHUQDOIUDJPHQWVRI8DVZHOODVWKHµDQGµ
WUXQFDWLRQVRI8DWDFVQ51$VDUHVFKHPDWLFDOO\UHSUHVHQWHGDQGWKHLUSELQGLQJSURSHUWLHVVKRZQLQ
FRORXUFRGHWKRVHKLJKOLJKWHGLQUHGZHUHDVVRFLDWHGZLWKSWKHRWKHUVLQEOXHZHUHQRW
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)LJXUH  7KH VHTXHQFH HOHPHQWV 8  DQG 8DWDF  DUH VXI¿FLHQW IRU S
ELQGLQJ
$SELQGLQJ WRVKRUW8DQG8DWDFVQ51$GHULYDWLYHV 3ODEHOHGVKRUWGHULYDWLYHVRI8DQG
8DWDFVQ51$DVLQGLFDWHGDERYHWKHODQHVVHHSDQHO%ZHUHLQFXEDWHGLQWKHSUHVHQFHODQHVS
RUDEVHQFHODQHVSRISDQGVHOHFWHGRQ1L17$DJDURVHRIWKHLQSXWV,DVZHOODV
WKH51$VUHFRYHUHGIURPWKHDJDURVHEHDGVZHUHDQDO\]HGE\HOHFWURSKRUHVLVLQDGHQDWXULQJJHO
DQGDXWRUDGLRJUDSK\
%7KHVKRUWGHULYDWLYHVWHVWHGIRUSELQGLQJDUHSUHVHQWHGDVIUDJPHQWVRIWKHVHFRQGDU\VWUXFWXUH
PRGHOVRI8DQG8DWDFVQ51$V7KHLUSELQGLQJSURSHUWLHVDUHDOVRLQGLFDWHG!ELQGLQJ
XQGHWHFWDEOH

7KHVH 51$VZHUH WHVWHG IRU SELQGLQJ )LJXUH  3DUWLDO 51DVH 7GLJHVWV RI WKHVH
VQ51$VZHUHUXQLQSDUDOOHOWRPDUNWKHSRVLWLRQVRIWKHJXDQLQHV6KRUWHQLQJWKH¶HQG8
FDXVHGUDSLGGHFUHDVHRISELQGLQJFRPSDUHODQHV%DQG,7KRVH51$VZLWKPRUH
WKDQQXFOHRWLGHVUHPRYHGZHUHVHOHFWHGRQO\DWEDFNJURXQGOHYHOV,QFRQWUDVWWKH¶WHUPLQDO
QXFOHRWLGHVRI8DWDFZHUHQRWHVVHQWLDO IRU WKHDVVRFLDWLRQZLWKS7KH UHPRYDORI
WKH¿UVWQXFOHRWLGHVKDGQRVLJQL¿FDQWHIIHFWWKHWUXQFDWLRQRI8DWDFVQ51$GRZQVWUHDPRI
QXFOHRWLGH8FDXVHGDSDUWLDOGHFUHDVHRISELQGLQJHI¿FLHQF\+RZHYHUZKHQ8DWDF
ZDVVKRUWHQHGIXUWKHU LWVHI¿FLHQF\RISDVVRFLDWLRQZDVGUDPDWLFDOO\GHFUHDVHG ,WFRXOG
WKHUHIRUHEHFRQFOXGHGWKDWWKHQXFOHRWLGHV*LQ8DQG*LQ8DWDFVQ51$UHSUHVHQWWKH¶
WHUPLQLRIWKHPRWLIVUHTXLUHGIRULQWHUDFWLRQZLWKS
  
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)LJXUH7KH¶HQGVRI8DQG8DWDFGHULYDWLYHVDUHUHTXLUHGIRUS
ELQGLQJ
>3@¶ HQGODEHOHG8DQG8DWDFGHULYDWLYHVZHUHSDUWLDOO\GLJHVWHGE\DONDOLQH
K\GURO\VLVIRUDQGVHFRQGV7KHVH51$VZHUHLQFXEDWHGZLWKSVHOHFWHGRQ1L17$EHDGV
UHFRYHUHGDQGVHSDUDWHGODQHV%RQDGHQDWXULQJJHODORQJZLWKLQSXWVODQHV,7KHVDPH
51$VZHUHDOVRSDUWLDOO\FOHDYHGE\LQFUHDVLQJO\GLOXWHG51DVH7DQGWLPHVDQGUXQ
LQSDUDOOHO RQ WKH VDPHJHO7KHSRVLWLRQVRI WKHJXDQRVLQHQXFOHRWLGHVGHWHUPLQHGE\ WKH51DVH7
GLJHVWLRQDUH LQGLFDWHGRQWKH OHIWVLGH3DUWRI WKHJHO LQFOXGLQJWKHERUGHURI8DWDFIUDJPHQWV WKDW
DUHERXQGRUQRWERXQGE\SLVVKRZQHQODUJHGRQWKHULJKWVLGH7KHODVWQXFOHRWLGH8WKDWFDQEH
UHPRYHGZLWKRXWDFRPSOHWHORVVRISELQGLQJLVDOVRLQGLFDWHG
5HVXOWV
&RPSDULQJ8DQG8DWDFE\VHTXHQFHDOLJQPHQW)LJXUHUHYHDOHGWKDWWKHVKRUWHVW8
DQG8DWDFGHULYDWLYHVDEOH WRELQGSQDPHO\8DQG8DWDF UHSUHVHQW WKH
ORQJHVWVWUHWFKRIVHTXHQFHKRPRORJ\EHWZHHQ8DQG8DWDFLGHQWLW\7KHVHVHTXHQFH
HOHPHQWVDOVRKDYHFRUUHVSRQGLQJUROHVLQ8GHSHQGHQWDQG8GHSHQGHQWVSOLFLQJ
 SELQGV88DQG8DWDF8DWDFGXSOH[VQ51$V
$VVKRZQLQVHFWLRQSLVDSURWHLQFRPSRQHQWRI8DQG8DWDFVQ513SLVDOVR
SUHVHQW LQ88EXWQRW LQ8DWDF8DWDFVQ5137R LQYHVWLJDWH WKLV LQWHUHVWLQJGLIIHUHQFH
IXUWKHU S51$ ELQGLQJ ZDV DVVD\HG E\ QDWLYH JHO HOHFWURSKRUHVLV WLWUDWLQJ IRU HDFK
51$ELQGLQJ VXEVWUDWH WKH S FRQFHQWUDWLRQ PRODU H[FHVV LQGLFDWHG DERYH WKH ODQHV DQG
GHWHUPLQLQJWKHDSSDUHQWGLVVRFLDWLRQFRQVWDQW.')LJXUH
,QLWLDOO\ ELQGLQJ RI S WR 8 DQG 8DWDF VQ51$ ZDV FRPSDUHG )LJXUH  SDQHO$
3ODEHOHG LQ YLWUR WUDQVFULEHG 8 DQG 8DWDF 51$V ZHUH LQFXEDWHG LQ WKH DEVHQFH RI RU
ZLWKLQFUHDVLQJDPRXQWVRIUHFRPELQDQWSSURWHLQIROORZHGE\QDWLYHJHOHOHFWURSKRUHVLV
4XDQWLWDWLYHHYDOXDWLRQJDYHIRUWKHSFRPSOH[HVRI8DQG8DWDFVQ51$V.'YDOXHVRI
DQGQ0UHVSHFWLYHO\7KHUHIRUHSKDVDQDSSUR[LPDWHO\IROGKLJKHU
DI¿QLW\IRU8DWDFWKDQIRU8VQ51$
1H[W WKH VLQJXODU8DQG8DWDF VQ51$VZHUHGLUHFWO\ FRPSDUHGZLWK WKHLU FRUUHVSRQGLQJ
VQ51$ GXSOH[HV 88 DQG 8DWDF8DWDF LQ WHUPV RI WKHLU DI¿QLW\ WR S SURWHLQ LQ
DGGLWLRQ S ELQGLQJ WR 8 DQG8DWDF VQ51$VZDV DVVD\HG )LJXUH  SDQHOV % DQG
&3ODEHOHGLQYLWURWUDQVFULEHG51$VZHUHLQFXEDWHGLQWKHDEVHQFHRIRUZLWKLQFUHDVLQJ
DPRXQWVRIUHFRPELQDQWSSURWHLQIROORZHGE\QDWLYHJHOHOHFWURSKRUHVLV7KH88DQG
8DWDF8DWDF VQ51$ GXSOLFHV ZHUH 3ODEHOHG LQ WKHLU 8 8DWDF FRPSRQHQW DQG ZHUH
IRUPHGLQYLWURSULRUWRWKHELQGLQJUHDFWLRQ1RWHWKDWLQ)LJXUHSDQHO%ERWKVLQJXODU
8DQG88GXSOH[KDGD'1$ROLJRQXFOHRWLGHERXQGDWWKH¶WHUPLQDOUHJLRQRI8ZKLFK
ZDVQHFHVVDU\IRUHI¿FLHQWIRUPDWLRQRIWKH88VQ51$GXSOH[VHHVFKHPDWLF)LJXUH
%LQGLQJRIROLJRQXFOHRWLGH85DSSDUHQWO\SUHYHQWVGHVWDELOL]DWLRQRI WKH88GXSOH[E\
LQWUDPROHFXODUEDVHSDLULQJVHHDOVR0RXJLQHWDO2QO\ WKLVZD\ LWZDVSRVVLEOH WR
GLUHFWO\ FRPSDUH WKH DI¿QLW\ RI S WR WKH VLQJXODU YHUVXV WKH GXSOH[ VQ51$V 7KH S
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)LJXUH6HTXHQFHDOLJQPHQWRI8DQG8DWDFVQ51$V
7KHDOLJQPHQWRI8QXFOHRWLGHVWRDQG8DWDFQXFOHRWLGHVWRLVVKRZQSELQGLQJUHJLRQV
LGHQWL¿HGLQERWK51$VDUHER[HG,QDGGLWLRQVHTXHQFHVLPSRUWDQWIRU¶VSOLFHVLWHLQWHUDFWLRQ¶VSOLFH
VLWH8EDVHSDLULQJ8RU8DWDFVWHP,DQG8EDVHSDLULQJ8RU8VWHP,DEDUHLQGLFDWHG

FRPSOH[HVRIWKHVLQJXODUIRUPVRI8DQG8DWDFVQ51$VDQGWKHFRUUHVSRQGLQJGXSOH[IRUPV
FRXOGEHUHVROYHGLQWKLVJHOV\VWHP)LJXUHFRPSDUHSDQHOV%DQG&
)LJXUH,QYLWURELQGLQJRISSURWHLQWRVLQJXODUDQGGXSOH[IRUPVRI8DQG
8DWDFVQ51$V
7KHDSSDUHQWGLVVRFLDWLRQFRQVWDQWV.'DUHOLVWHGEHORZWKHFRUUHVSRQGLQJSDQHOV6WDQGDUGGHYLDWLRQV
ZHUH GHULYHG IURP  LQGHSHQGHQW H[SHULPHQWV 1 QXPEHU RI H[SHULPHQWV7KH VLJQDOV DERYH WKH
PDUNHGFRPSOH[HVDUHPRVWO\GXHWRPDWHULDOWKDWKDGQRWHQWHUHGWKHJHO
$%LQGLQJ WR VLQJXODU8 DQG8DWDF VQ51$ 3ODEHOHG8 DQG8DWDF VQ51$VZHUH LQFXEDWHG
ZLWKRXW RU ZLWK UHFRPELQDQW S SURWHLQ PRODU H[FHVV LQGLFDWHG DERYH WKH ODQHV 51$SURWHLQ
FRPSOH[IRUPDWLRQZDVDQDO\]HGE\QDWLYHJHOHOHFWURSKRUHVLVDQGYLVXDOL]HGE\DXWRUDGLRJUDSK\7KH
PRELOLWLHVRIWKHSFRPSOH[HVZLWK8DQG8DWDFVQ51$VDUHPDUNHGE\DQDUURZKHDG
%%LQGLQJWRVLQJXODU8DQG88GXSOH[VQ51$3ODEHOHG8VQ51$3ODEHOHG8VQ51$
DQG88VQ51$GXSOH[3ODEHOHGLQWKH8VQ51$ZHUHLQFXEDWHGZLWKRXWRUZLWKUHFRPELQDQW
SSURWHLQPRODUH[FHVVLQGLFDWHGDERYHWKHODQHV51$SURWHLQFRPSOH[IRUPDWLRQZDVDQDO\]HGDV
LQSDQHO$7KHLQSXW51$VDUHDOVRVKRZQODQHVLQSXW3ODEHOHG8DQG8VQ51$V838DQG
IRUFRPSDULVRQ388VQ51$GXSOH[7KHPRELOLWLHVRIWKHS8FRPSOH[¿OOHGDUURZKHDG
DQGWKHSFRPSOH[ZLWKWKH88GXSOH[VQ51$¿OOHGDUURZKHDGZLWKDVWHULVNDUHPDUNHG7KH
PXOWLSOHORZHUEDQGVZHUHREVHUYHGRQO\DIWHUROLJRQXFOHRWLGHDQQHDOLQJDQGPRVWOLNHO\UHÀHFWGLIIHUHQW
FRQIRUPDWLRQVRI8DQG88VQ51$V
& %LQGLQJ WR VLQJXODU 8DWDF DQG 8DWDF8DWDF GXSOH[ VQ51$ 3ODEHOHG 8DWDF VQ51$ 3
ODEHOHG8DWDFVQ51$DQG88VQ51$GXSOH[3ODEHOHGLQWKH8DWDFVQ51$ZHUHLQFXEDWHG
ZLWKRXWRUZLWKUHFRPELQDQWSSURWHLQPRODUH[FHVVLQGLFDWHGDERYHWKHODQHV51$SURWHLQFRPSOH[
IRUPDWLRQZDVDQDO\]HGDVLQSDQHO$7KHLQSXW51$VDUHDOVRVKRZQODQHVLQSXW3ODEHOHG8DWDF
DQG8DWDF VQ51$V8DWDF38DWDF DQG IRU FRPSDULVRQ 38DWDF8DWDF VQ51$GXSOH[7KH
PRELOLWLHVRIWKHS8DWDFFRPSOH[RSHQDUURZKHDGDQGWKHSFRPSOH[ZLWKWKH8DWDF8DWDF
GXSOH[VQ51$RSHQDUURZKHDGZLWKDVWHULVNDUHPDUNHG
)LJXUH6WUXFWXUDODOWHUDWLRQV
RI VLQJXODU 8 DQG 88
GXSOH[ VQ51$V E\ ELQGLQJ RI
ROLJRQXFOHRWLGH85
7KHVLQJXODU8VHFRQGDU\VWUXFWXUH
PRGHOLVJLYHQZLWKWKHSELQGLQJ
UHJLRQ LQGLFDWHG E\ RSHQ OLQHV
%LQGLQJ RI ROLJRQXFOHRWLGH 85 LV
H[SHFWHGWRRSHQXSWKHH[WHQGHG¶
VWHPRIWKHVLQJXODUIRUPRI8)RU
WKH88GXSOH[DQQHDOLQJRIROLJRQXFOHRWLGH85VKRXOGSUHYHQWWKHLQWUDPROHFXODULQWHUDFWLRQRI8
DQGWKHUHE\VWDELOL]HWKH88GXSOH[LQWKHDEVHQFHRISURWHLQ
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5HVXOWV
,QVXPWKHIROORZLQJDSSDUHQW.'YDOXHVZHUHGHULYHG
8ZLWK8¶ROLJRQXFOHRWLGHERXQGQ0
88ZLWK8¶ROLJRQXFOHRWLGHERXQGQ0
8DWDFQ0
8DWDF8DWDFQ0
,Q FRQWUDVW WR WKHVH VSHFL¿F 8 RU 8DWDFFRQWDLQLQJ FRPSOH[HV 8 DQG 8DWDF VQ51$V
IRUPHGRQO\DWWKHKLJKHVWSURWHLQFRQFHQWUDWLRQFRPSOH[HVRIGLIIXVHPRELOLW\ZKLFKSUREDEO\
UHÀHFWQRQVSHFL¿FSELQGLQJ
7KHDI¿QLW\RISWRWKHVLQJXODUIRUPRIHLWKHU8DQG8DWDFVQ51$LVVLJQL¿FDQWO\KLJKHU
WKDQWKDWIRUWKHFRUUHVSRQGLQJGXSOH[IRUPV)RUERWKWKHQRUPDODQGWKHDWDFYHUVLRQRI8WKH
.'YDOXHVGLIIHUDSSUR[LPDWHO\WZRIROG0RUHLPSRUWDQWO\WKHUHZDVDVWURQJHIIHFWRIELQGLQJ
WKH¶WHUPLQDOROLJRQXFOHRWLGHWR8RQSDI¿QLW\7KH.'ZDVORZHUHGPRUHWKDQIROG
IURP  WR  Q0 PRVW OLNHO\ UHÀHFWLQJ WKH H[WHQVLYH VWUXFWXUDO DOWHUDWLRQ LQWURGXFHG
E\ ROLJRQXFOHRWLGH ELQGLQJ VHH VFKHPDWLF )LJXUH  +RZHYHU WKHUH ZDV QR VLJQL¿FDQW
GLIIHUHQFH REVHUYHG EHWZHHQ WKH SELQGLQJ RI 88 DQG 8DWDF8DWDF KHWHURGXSOH[
51$VWKHUHIRUHWKHDEVHQFHRISLQWKHDWDFGLVQ513LVQRWGXHWRORZELQGLQJDI¿QLW\IRU
WKLV51$VWUXFWXUH
 8DWDFLVIRXQGSUHGRPLQDQWO\LQWKH8DWDF8DWDFGLVQ513
IRUPLQ+H/DQXFOHDUH[WUDFW
,WZDVVKRZQLQVHFWLRQVDQGWKDWLQFRQWUDVWWRWKHPDMRU88VQ513DWDFGLVQ513
SFRPSOH[ZDVGHWHFWHGDWORZOHYHOVKRZHYHUWKDWZDVQRWGXHWRORZDI¿QLW\ELQGLQJRI
SWR8DWDF8DWDFKHWHURGXSOH[51$
$QRWKHUSRVVLEOHH[SODQDWLRQ LV WKDW8DWDF8DWDFVQ513FRPSULVHVDPLQRUSRUWLRQRI WKH
FRPSOH[FRQWDLQLQJ8DWDFVQ51$PRVWRIZKLFKVKRXOGWKHQEHSUHVHQWLQVLQJXODU8DWDF
DQG8DWDF8DWDF8 VQ513V 7R H[DPLQH WKDW SRVVLELOLW\ WKH VSOLFHRVRPDO VQ513VZHUH
IUDFWLRQDWHGWKURXJKJO\FHUROJUDGLHQW51$ZDVSUHSDUHGIURPWKHRGGIUDFWLRQVDQG
DQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJZLWKDPL[HGSUREHGHWHFWLQJ
8 8 8 8 DQG 8 VQ51$V DV ZHOO DV ZLWK SUREHV VSHFL¿F IRU 8DWDF DQG 8DWDF
VQ51$V)LJXUH7KH88VQ513ZDVOHVVDEXQGDQWWKDQWKH888VQ5137KHVH
WZRVQ513VKDGSHDNVLQJUDGLHQWIUDFWLRQVDQGUHVSHFWLYHO\7KHPLQRUVSOLFHRVRPDO
VQ513VKRZHYHUZHUHGLVWULEXWHGLQDPXFKGLIIHUHQWSURSRUWLRQWKH8DWDF8DWDFGLVQ513
ZDVPXFKSUHYDOHQWWKDQWKHDWDFWULVQ513,QWHUHVWLQJO\WKHVHWZRVQ513VSHDNHGLQIUDFWLRQV
DQGUHVSHFWLYHO\DQGGLGQRWFRLQFLGHZLWKWKHSHDNVRIWKHPDMRUGLDQGWULVQ513V
7RLQYHVWLJDWHWKHVHGLIIHUHQFHVIXUWKHUDQWLSLPPXQRSUHFLSLWDWLRQVZHUHFDUULHGRXWIURP
JUDGLHQWIUDFWLRQVDQGFRQWDLQLQJ888DQG888VQ513VDVZHOO
DV WKHLUPLQRU VSOLFHRVRPHDQDORJXHV7KHFRSUHFLSLWDWHG51$VZHUHSXUL¿HGDQGDQDO\]HG
E\ GHQDWXULQJ JHO HOHFWURSKRUHVLV DQG 1RUWKHUQ EORW DV DERYH )LJXUH  7HQ SHUFHQW
LQSXW LVVKRZQQH[W WRHDFKLPPXQRSUHFLSLWDWH$FRQVLGHUDEOHIUDFWLRQRI WKH88VQ513
DSSUR[LPDWHO\ZDVDVVRFLDWHGZLWKSVHHIUDFWLRQ7KHSURWHLQZDVQRWIRXQGLQ

WKHVLQJXODU8QRUWKHWULVQ513ZKLFKLVFRQVLVWHQWZLWKWKHLPPXQRSUHFLSLWDWLRQVKRZQRQ
)LJXUH7KLVOLNHO\UHÀHFWVWKHORZDEXQGDQFHRIWKHVLQJXODU8VQ513LQ+H/DQXFOHDU
H[WUDFWS8VQ513FRPSOH[ LVGHWHFWHG LQ6H[WUDFW )LJXUH ,PSRUWDQWO\PRVW
RIWKHFRSUHFLSLWDWHG8DWDFZDVIRXQGLQIUDFWLRQWKHVLQJXODU8DWDFVQ513LQIUDFWLRQV
DQGGLGQRWFRQWDLQS7KLVLVDQLQGLFDWLRQWKDWWKHUHDUHWZRPLQRUVSOLFHRVRPDOVQ513V
SUHVHQW IUDFWLRQ8DWDFSVQ513DQG8DWDF8DWDFVQ513ZKLFKZDVQRWDVVRFLDWHG
ZLWKS
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)LJXUH8DWDF8DWDFVQ513LVIRXQGLQODUJHH[FHVVRYHU8DWDF8DWDF8VQ513
LQ+H/DQXFOHDUH[WUDFW
+H/DQXFOHDUH[WUDFWZDV IUDFWLRQDWHG WKURXJKDJO\FHUROJUDGLHQW51$ZDVSUHSDUHG IURP
 RI WKH LQSXW DVZHOO DV IURP DOLTXRWV RI WKH RGG JUDGLHQW IUDFWLRQV DQG DQDO\]HG E\1RUWKHUQ
K\EULGL]DWLRQ$PL[HGSUREHGHWHFWLQJ8888DQG8VQ51$VZDVXVHGWRSSDQHORUSUREHV
VSHFL¿FIRU8DWDFDQG8DWDFWKHWZRERWWRPSDQHOV'XHWR ORZHUVHQVLWLYLW\RI WKH8SUREHDQ
DGGLWLRQDOORQJHUH[SRVXUHLVVKRZQIRUWKLVVQ51$LQWKHPLGGOHSDQHO7KHSHDNVRIWKHVLQJXODU8
DQG8DWDFVQ513VDVZHOODVRIWKHWKHPDMRUDQGPLQRUGLDQGWULVQ513VDUHLQGLFDWHG
5HVXOWV
7DNHQ WRJHWKHU WKH H[SHULPHQWV VKRZQ
RQ )LJXUHV  DQG  UHYHDO WKDW
WKHUH LVDSURIRXQGGLIIHUHQFH LQ WKHUHODWLYH
DEXQGDQFHVRIPDMRUDQGPLQRUVSOLFHRVRPDO
VQ513V %RWK 88 DQG 8DWDF8DWDF
KHWHURGXSOH[HV DUH HI¿FLHQWO\ IRUPHG VLQFH WKHUH LV QR VLJQL¿FDQW IUDFWLRQ RI VLQJXODU 8
8DWDFVQ513GHWHFWHG+RZHYHUWKHSUHGRPLQDQWSDUWRI88H[LVWVLQDFRPSOH[HLWKHU
ZLWK 8 VQ513 DV WULVQ513 RU ZLWK S ZKLOH PRVW RI WKH 8DWDF8DWDF FRPSOH[ LV
DVVRFLDWHGQHLWKHUZLWK8VQ513QRUZLWKS
 SLVQRWHVVHQWLDOIRU8GHSHQGHQWVSOLFLQJLQYLWUREXW
LQFUHDVHVVSOLFLQJHI¿FLHQF\ZLWKH[FHVVRISUHP51$
'HVSLWHWKHGLIIHUHQFHVVKRZQDERYHSDVVRFLDWHVLQDVLPLODUZD\ZLWKPDMRUDQGPLQRU
VSOLFHRVRPDOVQ513VSLVDWUDQVLHQWFRPSRQHQWRIERWK8DQG8DWDFVLQJXODUVQ513V
DQG WKH88 VQ513V EXW LV DEVHQW LQ WKH WULVQ513FRPSOH[HV0RUHRYHU DV UHYHDOHG LQ
VHFWLRQLWUHFRJQL]HVDVHTXHQFHHOHPHQWKLJKO\FRQVHUYHGEHWZHHQ8DQG8DWDFZKLFK
LVDOVRLQYROYHGLQDQDORJRXVIXQFWLRQDO LQWHUDFWLRQVGXULQJ8DQG8GHSHQGHQWVSOLFLQJ
SLVUHODWHGWRWKH\HDVWUHF\FOLQJIDFWRU3USDQGLVUHTXLUHGIRU88VQ513UHF\FOLQJLQ
YLWUR%HOOHWDO7KHUHIRUHWKHTXHVWLRQUDLVHVZKHWKHULWDOVRSOD\VDFRUUHVSRQGLQJUROH
LQWKHUHVWRUDWLRQRI8DWDF8DWDFVQ513
7RVWXG\WKHSXWDWLYHIXQFWLRQRISDV8DWDF8DWDFUHF\FOLQJIDFWRUDW¿UVWWKHHIIHFWRI
SGHSOHWLRQRQLQYLWURVSOLFLQJRID8W\SHLQWURQKDVEHHQH[DPLQHG8W\SHLQWURQVDUH
PXFKOHVVDEXQGDQWWKDQWKHPDMRU8W\SHLQWURQVVHH,QYLWURVSOLFLQJRI8FODVV
LQWURQVWHVWHGVRIDUZDVLQHI¿FLHQWFRPSDUHGWRWKDWRIWKHPDMRUFODVVLQWURQV
,QYLWURVSOLFLQJUHDFWLRQVZHUHSUHSDUHGZLWK6&1$(1+SUHP51$ZKLFKFRQWDLQVDVLQJOH
$7$&LQWURQGHULYHGIURPWKHKXPDQYROWDJHJDWHGVNHOHWDOPXVFOHVRGLXPFKDQQHODVXEXQLW
$SXULQHULFKHQKDQFHUHOHPHQW LQVHUWHGDW WKHHQGRI WKHVHFRQGH[RQHQKDQFHVVSOLFLQJ LQ
YLWUR:XDQG.UDLQHU:KHQLQFXEDWHGXQGHUVSOLFLQJFRQGLWLRQVWKH6&1$(1+SUH
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)LJXUH  S LV DVVRFLDWHG SULPDULO\
ZLWK88 VQ513 JUDGLHQW IUDFWLRQ 
DQGZLWK8DWDFVQ513JUDGLHQWIUDFWLRQ

,PPXQRSUHFLSLWDWLRQV ZHUH FDUULHG RXW IURP
JO\FHURO JUDGLHQW IUDFWLRQV     
DQG  FRQWDLQLQJ WKH SHDNV RI 8 8DWDF
88 8DWDF8DWDF 888 DQG 8DWDF
8DWDF8 VQ513V VHH )LJXUH  51$V
SUHSDUHGIURPRI WKH LQSXWV ODQHV,
DV ZHOO DV WKH FRSUHFLSLWDWHG 51$V ODQHV ,3
ZHUHDQDO\]HGE\1RUWKHUQEORWWLQJXVLQJDPL[HG
SUREHGHWHFWLQJ8888DQG8VQ51$V
WRSSDQHORUSUREHVVSHFL¿FIRU8DWDFPLGGOH
SDQHODQG8DWDFVQ51$ERWWRPSDQHO

P51$ZDVQRWVSOLFHGH[FOXVLYHO\WKURXJKWKH8GHSHQGHQWSDWKZD\FU\SWLF8GHSHQGHQW
VSOLFHVLWHVZHUHDOVRVHOHFWHG)LJXUHULJKWVLGH7RLQKLELWWKH8GHSHQGHQWVSOLFLQJ
WKHUHDFWLRQZDVSUHLQFXEDWHGZLWKDQDQWLVHQVH'1$ROLJRQXFOHRWLGHWKDWLQKLELWVEUDQFKVLWH
UHFRJQLWLRQE\8VQ51$:XDQG.UDLQHU0LQ[SUHP51$FRQWDLQLQJ8W\SHLQWURQ
GHULYHGIURPWKHDGHQRYLUDOPDMRUODWHWUDQVFULSWLRQXQLWZDVVSOLFHGLQYLWURHI¿FLHQWO\DIWHU
WKH DGGLWLRQ  RI DQWL8 ROLJRQXFOHRWLGH0LQ[ SUHP51$ VSOLFLQJZDV LQKLELWHG FRPSOHWHO\
)LJXUHOHIWVLGH7KH6&1$(1+SUHP51$DGGHGDIWHUWKHSUHLQFXEDWLRQZDVVSOLFHG
H[FOXVLYHO\E\WKH8GHSHQGHQWVSOLFHRVRPH)LJXUHULJKWVLGH
6SOLFLQJRI6&1$(1+SUHP51$ZDVDVVD\HGXQGHUWKHHVWDEOLVKHG8GHSHQGHQWVSOLFLQJ
FRQGLWLRQVDWWZRGLIIHUHQWFRQFHQWUDWLRQVQJDQGQJSHUPOUHDFWLRQ$WHDFKSUHP51$
FRQFHQWUDWLRQWKHDFWLYLW\RIVSOLFLQJLQYLWURZDVFRPSDUHGDQGKRXUVKRXUDIWHUVWDUWLQJWKH
UHDFWLRQLQPRFNGHSOHWHG1('PRFNDQGSGHSOHWHGH[WUDFW1('SDVZHOODVLQS
GHSOHWHGH[WUDFWFRPSOHPHQWHGZLWKQJRISSURWHLQ1('SQJ,PPXQRGHSOHWLRQ
ZLWKDQWLSDQWLERGLHVURXWLQHO\UHVXOWHGLQWKHVHOHFWLYHUHPRYDORIDW OHDVWRIS
DVGHWHUPLQHGE\:HVWHUQEORWDQDO\VLV)LJXUH7KHRYHUDOOLQYLWURVSOLFLQJDFWLYLW\RI
           
  
  	
 
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)LJXUH,QYLWURVSOLFLQJRI8W\SHDQG8W\SHLQWURQV
+H/DQXFOHDUH[WUDFWVZHUHLQFXEDWHGIRUPLQLQWKHDEVHQFHODQHVPRFNRULQWKHSUHVHQFHRIP0
8'1$ROLJRQXFOHRWLGHODQHV8E6XEVHTXHQWO\
0LQ[SUHP51$FRQWDLQLQJD8W\SHLQWURQZDVLQFXEDWHGLQWKHVHH[WUDFWVXQGHUVSOLFLQJFRQGLWLRQV
IRUDQGKRXUVOHIWSDQHO$FRQWUROLQFXEDWLRQIRUWKUHHKRXUVLQWKHDEVHQFHRI$73ZDVDOVR
FDUULHGRXWODQH$73
6&1$(1+SUHP51$ FRQWDLQLQJ D8GHSHQGHQW LQWURQZDV LQFXEDWHG LQ WKHVH H[WUDFWV XQGHU
VSOLFLQJFRQGLWLRQVIRUDQGKRXUVULJKWSDQHO
7KHSRVLWLRQVRI WKHSUHP51$WKHVSOLFHGP51$DQGWKHVSOLFLQJLQWHUPHGLDWHVH[RQDQGODULDW
LQWURQH[RQDUHLQGLFDWHGRQWKHULJKW7KH6&1$(1+VSOLFHGSURGXFWLQGLFDWHGE\DQDVWHULVN
UHSUHVHQWVDQDEHUUDQWSURGXFWGXHWR8GHSHQGHQWVSOLFLQJ:XDQG.UDLQHU
5HVXOWV
6&1$(1+ SUHP51$ ZDV UHODWLYHO\ ORZ DOUHDG\ DW  QJ DQG
HYHQPRUHVRDWQJSUHP51$SHUPOUHDFWLRQ)LJXUH
6SOLFLQJDFWLYLW\DIWHUKRXUVDWWKHORZSUHP51$FRQFHQWUDWLRQ
QJSHUPOUHDFWLRQZDVYHU\VLPLODUZKHWKHUSGHSOHWHGH[WUDFW
ZDVXVHGRUDIWHUFRPSOHPHQWDWLRQZLWKQJRISSURWHLQ)LJXUH
FRPSDUHODQHVDQG8QIRUWXQDWHO\DWQJSHUPOUHDFWRQ
VSOLFLQJRI6&1$(1+SUHP51$ZDVOHVVHI¿FLHQWLQPRFNGHSOHWHGWKDQLQSGHSOHWHG
H[WUDFWFRQFHQWUDWLRQFRPSDUHODQHVDQGZKLFKLVSUREDEO\DQH[SHULPHQWDODUWLIDFW$W
WKHKLJKSUHP51$FRQFHQWUDWLRQKRZHYHUDVLJQL¿FDQW WZRIROGVWLPXODWLRQZDVREVHUYHG
E\DGGLWLRQRIS)LJXUHFRPSDUHODQHVDQG&RQVLVWHQWO\WKHVSOLFLQJDFWLYLW\
RI WKHPRFNGHSOHWHGH[WUDFWDW WKHKLJKSUHP51$FRQFHQWUDWLRQZDVFRPSDUDEOH WR WKDWRI
WKHGHSOHWHGH[WUDFWFRPSOHPHQWHGZLWKSFRPSDUHODQHVDQG7KHVSOLFLQJ
VWLPXODWRU\HIIHFWREVHUYHGDWWKHKLJKSUHP51$FRQFHQWUDWLRQWKHUHIRUHVXJJHVWVWKDWDS
GHSHQGHQWUHF\FOLQJVWHSEHFRPHVOLPLWLQJIRUVSOLFLQJRIWKH$7$&W\SHLQWURQ
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)LJXUH  S LV HI¿FLHQWO\ LPPXQRGHSOHWHG IURP +H/D
QXFOHDUH[WUDFW
$OLTXRWVIURPXQWUHDWHGH[WUDFWLQSXWQXFOHDUH[WUDFWDIWHUPRFNGHSOHWLRQ
1('PRFNDQGDIWHUSGHSOHWLRQ1('SZHUHDQDO\]HGE\:HVWHUQ
EORWWLQJZLWKDQWLSDQWLVHUXP7KHDVWHULVNLQGLFDWHVWKHKHDY\FKDLQRI
WKHLPPXQRJOREXOLQZKLFKOHDNHGLQWKHH[WUDFWGXULQJGHSOHWLRQ
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)LJXUH $GGLWLRQ RI UHFRPELQDQW S WR GHSOHWHG QXFOHDU H[WUDFW VWLPXODWHV8
GHSHQGHQWLQYLWURVSOLFLQJZLWKH[FHVVRISUHP51$
,QYLWURVSOLFLQJRI3ODEHOHG6&1$(1+SUHP51$OHIWSDUWQJSHUPOUHDFWLRQULJKWSDUW
 QJ SHU PO UHDFWLRQ 6&1$(1+ SUHP51$ZDV LQFXEDWHG LQ SGHSOHWHG QXFOHDU H[WUDFW
1('SZLWKRXWDQGZLWKQJFRPSOHPHQWLQJUHFRPELQDQWSSURWHLQSHUPOUHDFWLRQDVZHOO
LQPRFNGHSOHWHG 1('PRFNQXFOHDUH[WUDFW$OO H[WUDFWVZHUH LQFXEDWHG IRUPLQZLWK8
ROLJRQXFOHRWLGHEHIRUHWKHDGGLWLRQRIWKHSUHP51$6SOLFLQJZDVDQDO\]HGDIWHULQFXEDWLRQIRUDQG
KRXUV3UHP51$DQGVSOLFHGP51$DUHLQGLFDWHGRQWKHULJKW0S%5+SD,,PDUNHUIUDJPHQWV

 SLVUHTXLUHGIRU8DWDF8DWDFVQ513UHF\FOLQJ
7RWHVWWKDWSRVVLELOLW\GLUHFWO\D8DWDF8DWDFUHF\FOLQJDVVD\FRXSOHGWRVSOLFLQJLQYLWURKDV
EHHQHPSOR\HGVLPLODUWRWKHDVVD\GHYHORSHGWRLQYHVWLJDWHWKH88UHF\FOLQJUROHRIS
%HOOHWDO,QYLWURVSOLFLQJUHDFWLRQVZHUHFDUULHGRXWXVLQJDKLJKFRQFHQWUDWLRQQJ
SHUPOUHDFWLRQRIXQODEHOHG6&1$(1+SUHP51$$IWHUDKRXULQFXEDWLRQXQGHU
VSOLFLQJFRQGLWLRQVWKHUHODWLYHOHYHOVRI8DWDF8DWDFDVZHOODVRIIUHH8DWDFDQG8DWDF
VQ513VZHUHTXDQWLWDWLYHO\PHDVXUHGXVLQJ&V&OGHQVLW\JUDGLHQWFHQWULIXJDWLRQVHH)LJXUH
IRUDVFKHPDWLFRXWOLQH
8QGHUWKHVHKLJKO\VWULQJHQWFRQGLWLRQVFRUHFRPSOH[HVRIVQ513VDUHFKDUDFWHULVWLFDOO\VWDEOH
DQG IUDFWLRQDWH DFFRUGLQJ WR WKHLU GHQVLW\ ZKLFK LV GHWHUPLQHG E\ WKHLU 51$SURWHLQ UDWLR
/HOD\7DKDHWDO7KHODUJHU8DWDF8DWDF8FRPSOH[HVDQGVSOLFHRVRPHVGLVVRFLDWH
7KH HQWLUH VSOLFLQJ UHDFWLRQ ZDV IUDFWLRQDWHG E\ &V&O GHQVLW\ JUDGLHQW FHQWULIXJDWLRQ 51$
ZDVSUHSDUHGIURPWKHUHVXOWLQJ¿YHIUDFWLRQVIURPWRSWRERWWRPWKHODVWLQFOXGLQJWKH
SHOOHWVHSDUDWHGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQGDQDO\]HGE\1RUWKHUQEORWK\EULGL]DWLRQ
ZLWKSUREHVVSHFL¿FIRU8DWDFDQG8DWDFVQ51$V&OHDUO\WKH8DWDFDQG8DWDFVQ51$V
FRIUDFWLRQDWHGZLWK D SHDN LQ  UHSUHVHQWLQJ WKH8DWDF8DWDF FRUH VQ5137KLV JUDGLHQW
IUDFWLRQFRQWDLQHGDSSUR[LPDWHO\RIWKHWRWDO8DWDFDQGKDOIRIWKHWRWDO8DWDFPDWHULDO
DVGHWHUPLQHGE\TXDQWLWDWLRQRIWKH1RUWKHUQEORWVLJQDOVVHHWKH¿UVWJUDGLHQWSUR¿OHVVKRZQ
RQ)LJXUHVDQGWKHSHDNIUDFWLRQVDUHLQGLFDWHGE\DUURZKHDGVRQWKHWRS8DWDF
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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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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)LJXUH6FKHPDWLFUHSUHVHQWDWLRQRIVSOLFLQJFRXSOHGLQYLWURDVVD\IRU8DWDF8DWDF
UHF\FOLQJ
,QYLWURVSOLFLQJZLWKH[FHVVRIXQODEHOHG6&1$(1+SUHP51$ZDVFDUULHGRXWLQPRFNGHSOHWHGDQG
SGHSOHWHG+H/DQXFOHDUH[WUDFW7KHFRQWHQWRIWKHVSOLFLQJUHDFWLRQVZDVIUDFWLRQDWHGWKURXJK&V&O
GHQVLW\JUDGLHQWFHQWULIXJDWLRQDQGWKHGLVWULEXWLRQRI8DWDFDQG8DWDFZDVDQDO\]HGE\GHQDWXULQJJHO
HOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJ,ISLVUHTXLUHGIRUUHF\FOLQJRI8DWDF8DWDFVQ513WKHUH
ZLOOEHPRUHVLQJXODU8DWDFDQG8DWDFVQ513VDQGOHVV88GLPHULQWKHSGHSOHWHGH[WUDFW
FRPSDUHGWRWKHPRFNGHSOHWHGH[WUDFW
5HVXOWV
VKRZVDQDGGLWLRQDOSHDNDWWKHERWWRPRIWKHJUDGLHQWUHSUHVHQWLQJDSSUR[LPDWHO\RQHWKLUGRI
WKHWRWDO8DWDFDQGPRVWOLNHO\FRQVLVWLQJRIPDWHULDOGHULYHGIURPIUHH8DWDFVQ5132QO\D
VPDOOSDUWDSSUR[LPDWHO\RI8DWDFIUDFWLRQDWHGLQZKHUHQR8DWDFVQ51$FRXOGEH
GHWHFWHG7KHUHIRUHWKLVPDWHULDODWWKHWRSRIWKHJUDGLHQWUHSUHVHQWVWKHVLQJXODU8DWDFVQ513
,QVXPWKHUHODWLYHOHYHOVRIEDVHSDLUHG8DWDF8DWDFIUHH8DWDFDQGIUHH8DWDFVQ513V
FDQEHTXDQWLWDWLYHO\PRQLWRUHGE\WKLVDVVD\*UDGLHQWIUDFWLRQVDQGDUHLQGLFDWLYH
IRU WKH DEXQGDQFH RI IUHH 8DWDF EDVHSDLUHG 8DWDF8DWDF DQG IUHH 8DWDF VQ513V
UHVSHFWLYHO\
,QWHUHVWLQJO\ WKHUH LV DPLQRU8DWDF IRUPZKLFK KDG EHHQ QRWHG SUHYLRXVO\ E\ 7DUQ DQG
6WHLW]DQGZKLFKLVVOLJKWO\VKRUWHQHGDWWKH¶HQG)LJXUHVHHPLQRUEDQGPDUNHG
E\DUURZ0RVWRI WKLV¶VKRUWHQHG8DWDFRFFXUV LQ IUDFWLRQZKHUHQR8DWDF VQ51$
FRXOGEHGHWHFWHGDQGYHU\OLWWOHLVSUHVHQWLQWKHGLVQ513IRUP$OLNHO\LQWHUSUHWDWLRQRIWKLV
REVHUYDWLRQ LV WKDW WKH¶VKRUWHQHG8DWDFVQ51$LV LQHIIHFWLYH LQGLVQ513IRUPDWLRQDVD
UHVXOWRIWKHWUXQFDWHG8DWDF8DWDFVWHP,,
7KHGLVWULEXWLRQRI8DWDFDQG8DWDFLQPRFNGHSOHWHG1('PRFNDQGSLPPXQRGHSOHWHG
QXFOHDUH[WUDFW1('SZLWKRXWVSOLFLQJLQFXEDWLRQ)LJXUH1('PRFNDQG'S
SDQHOVQRVSOLFLQJZDVYHU\VLPLODU,QERWKH[WUDFWVWKH8DWDF8DWDFGLVQ513UHSUHVHQWVWKH
PDMRUIRUPRIWKHVHWZRVQ51$VDQGWKHUHLVYHU\OLWWOHVLQJXODU8DWDFVQ513
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)LJXUH,QYLWURUHF\FOLQJRIWKH8DWDF8DWDFVQ513
0RFNGHSOHWHG1('PRFNDQGSGHSOHWHGQXFOHDUH[WUDFW1('SZLWKRXWSULRULQFXEDWLRQZHUH
IUDFWLRQDWHGE\&V&OJUDGLHQWFHQWULIXJDWLRQSDQHOQRVSOLFLQJ6LPLODUO\PRFNGHSOHWHG1('PRFN
DQG SGHSOHWHG QXFOHDU H[WUDFW 1('S ZHUH DQDO\]HG DIWHU D KRXU VSOLFLQJ UHDFWLRQ ZLWK
6&1$(1+ SUHP51$ XQGHU UHF\FOLQJ FRQGLWLRQV ,Q DGGLWLRQ LQFXEDWLRQV ZHUH GRQH LQ S
GHSOHWHGH[WUDFWZLWKFRPSOHPHQWDWLRQE\RUQJUHFRPELQDQWSSURWHLQSHUPOUHDFWLRQ
DVLQGLFDWHGSDQHOSRVWVSOLFLQJ)RUHDFKUHDFWLRQWKHGLVWULEXWLRQRI8DWDFDQG8DWDFWKURXJKRXWWKH
HQWLUH&V&OJUDGLHQWKDVEHHQGHWHUPLQHG51$ZDVSUHSDUHGIURPIUDFWLRQVWRWRSWRERWWRPDV
LQGLFDWHGDWWKHWRSDQGDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJXVLQJVHSDUDWH
SUREHV IRU 8DWDF WRS SDUW DQG 8DWDF ERWWRP SDUW 7KH SRVLWLRQV RI WKH 8DWDF8DWDF VQ513
IUDFWLRQDQGWKHVLQJXODUIRUPVRI8DWDFDQG8DWDFZLWKLQWKH&V&OJUDGLHQWDUHJLYHQ
IRUWKH¿UVWSDQHORQWKHOHIW7KHHOHFWURSKRUHWLFPRELOLWLHVRI8DWDFDQG8DWDFVQ51$VDUHPDUNHGRQ
WKHULJKW7KHPLQRUIRUPRI8DWDFVQ51$LVLQGLFDWHGE\DQDUURZRQWKHOHIWVLGH

+RZHYHUDIWHUDKRXULQFXEDWLRQWKHVQ513GLVWULEXWLRQLQWKHSGHSOHWHGH[WUDFWZDV
GUDPDWLFDOO\DOWHUHGFRPSDUHGWRWKDWLQWKHPRFNGHSOHWHGH[WUDFW)LJXUH1('PRFN
DQG'SSDQHOSRVWVSOLFLQJ0RVWRI8DWDFZDVFRQYHUWHGWRWKHVLQJXODU8DWDF
VQ513DQGPRVWRI8DWDFZDVVKLIWHGWRWKHERWWRPRIWKHJUDGLHQWUHSUHVHQWLQJWKH
VLQJXODU8DWDFIRUPRQO\DSSUR[LPDWHO\RI8DWDFDQG8DWDFUHPDLQHGLQWKHGLVQ513
IRUP 7KHPRVW OLNHO\ H[SODQDWLRQ IRU WKHVH FKDQJHV LV WKDW WKH 8DWDF8DWDF VQ513V DUH
FRQVXPHGGXULQJDVVHPEO\RIWKHPLQRUVSOLFHRVRPHDQGLQ6&1$(1+SUHP51$VSOLFLQJ
$VDUHVXOWRI6&1$(1+SUHP51$VSOLFLQJDQGWKHUHF\FOLQJEORFNSRVWVSOLFHRVRPDOIUHH
8DWDFDQG8DWDFVQ513VDFFXPXODWH0RUHRYHUZKHQWKHGHSOHWHGH[WUDFWZDVFRPSOHPHQWHG
ZLWKDQGQJRIUHFRPELQDQWSSURWHLQWKHVHVKLIWVLQERWK8DWDFDQG8DWDF
GLVWULEXWLRQV ZHUH UHYHUVHG LQ D FRQFHQWUDWLRQGHSHQGHQW PDQQHU )LJXUH  SDQHO SRVW
VSOLFLQJ$OUHDG\WKHDGGLWLRQRIQJSSURWHLQIXOO\UHVWRUHGWKHGLVWULEXWLRQREVHUYHGLQ
PRFNGHSOHWHGH[WUDFW
7KLV GHPRQVWUDWHV WKDW S IXQFWLRQV DV D 8DWDF8DWDF VQ513 UHF\FOLQJ IDFWRU DQG LV
UHVSRQVLEOHIRUWKHUHJHQHUDWLRQRIEDVHSDLUHG8DWDF8DWDFVQ513VIURPSRVWVSOLFHRVRPDO
IUHH8DWDFDQG8DWDFVQ513V
7KH VWHDG\VWDWH OHYHO RI 8DWDF VQ51$ DIWHU VSOLFLQJ DSSHDUV WR EH FRQVLGHUDEO\ ORZHU LQ
SGHSOHWHGWKDQLQPRFNGHSOHWHGH[WUDFW)LJXUH1('PRFNDQG'SSDQHOSRVW
VSOLFLQJ7KLVVXJJHVWVWKDWWKHVWDELOLW\RI8DWDFVQ51$PLJKWEHDIIHFWHGE\SGHSOHWLRQ
7RFRQ¿UPWKLVK\SRWKHVLVWKHOHYHOVRI8DWDFVQ51$ZHUHDQDO\]HGZLWKRXW&V&OJUDGLHQW
IUDFWLRQDWLRQ 0RFNGHSOHWHG SGHSOHWHG H[WUDFW DQG GHSOHWHG H[WUDFW FRPSOHPHQWHG
ZLWKQJUHFRPELQDQWSZHUHLQFXEDWHGXQGHUUHF\FOLQJFRQGLWLRQVDVGHVFULEHGDERYH
7KH8 VQ51$ OHYHOV EHIRUH WKH SUHEORFNLQJ RI8 ODQHV ¶ EHIRUH WKH DGGLWLRQ RI WKH
6&1$(1+SUHP51$ODQHVKDQGDIWHUDQGKRXUVRIVSOLFLQJODQHVKDQGKZHUH
GLUHFWO\FRPSDUHGE\1RUWKHUQEORWWLQJ)LJXUH7KHWRWDODPRXQWRI8DWDFVQ51$ZDV
QRWUHGXFHGVLJQL¿FDQWO\LQDQ\RIWKHVHWKUHHH[WUDFWV7KHOHYHOVRIRWKHUVSOLFHRVRPDOVQ51$V
ZHUHDOVRQRWDIIHFWHGFRQVLGHUDEO\GDWDQRWVKRZQ7KHUHIRUHWKHGHFUHDVHRI8DWDFVQ51$
OHYHOVREVHUYHGLQ)LJXUHLVQRWGXHWRGHJUDGDWLRQ8DWDFDSSHDUVWREHORVWLQIRUPRI
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 	 	 	  	 	 	 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 
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)LJXUH8DWDFVQ51$LVQRWGHVWDELOL]HGLQSGHSOHWHGH[WUDFW
0RFNGHSOHWHG+H/DQXFOHDU H[WUDFW SDQHO1('PRFN SGHSOHWHG H[WUDFW SDQHO1('S DQG
SGHSOHWHGH[WUDFWVXSSOHPHQWHGZLWKQJUHFRPELQDQWSSDQHO1('SQJSZHUH
LQFXEDWHGXQGHUUHF\FOLQJFRQGLWLRQV7RWDO51$ZDVSUHSDUHGIURPDOLTXRWVWDNHQEHIRUHWKHLQFXEDWLRQ
ZLWK8ROLJRQXFOHRWLGHODQHV¶EHIRUHWKHDGGLWLRQRI6&1$(1+SUHP51$ODQHVK
DQGDIWHULQFXEDWLRQIRUDQGKRXUVODQHVKDQGK7KH51$ZDVDQDO\]HGE\1RUWKHUQEORWWLQJ
XVLQJD8DWDFVSHFL¿FSUREH
5HVXOWV
SUHFLSLWDWHVGXULQJWKHVSOLFLQJUHDFWLRQLQSGHSOHWHGH[WUDFW
,QWHUHVWLQJO\ D SDUWLDO GLVUXSWLRQ RI8DWDF8DWDF VQ513 DQG DFFXPXODWLRQ RI IUHH8DWDF
DQG8DWDFVQ513VZDVIRXQGLQSGHSOHWHGH[WUDFW LQFXEDWHGXQGHUVSOLFLQJFRQGLWLRQV
HYHQ ZLWKRXW WKH DGGLWLRQ RI 6&1$(1+ SUHP51$ )LJXUH  SDQHO $73 SUH
P51$+RZHYHUZKHQLQFXEDWHGLQWKHSUHVHQFHRIQJ6&1$(1+SUHP51$SHU
POUHDFWLRQ WKH GLVVRFLDWLRQ RI WKH8DWDF8DWDF VQ513ZDV DSSUR[LPDWHO\ WZRIROGPRUH
HI¿FLHQWFRPSDUHIUDFWLRQV$73SUHP51$DQG$73SUHP51$7KHGLVUXSWLRQRI
WKH8DWDF8DWDFVQ513DSSHDUVWREH$73GHSHQGHQWQRVLJQL¿FDQWDFFXPXODWLRQRI8DWDF
DQG8DWDFVQ513VDVZHOODVQRVLJQL¿FDQWGHFUHDVHRI8DWDF8DWDFVQ513ZDVGHWHFWHG
DIWHULQFXEDWLRQLQWKHDEVHQFHRI$73SDQHO$73SUHP51$FRPSDUHZLWKSDQHOV$73
7KHUH DUH  WZR SRVVLEOH H[SODQDWLRQV IRU WKLV SKHQRPHQRQ )LUVW HQGRJHQRXV SUHP51$V
FRQWDLQLQJ8W\SHLQWURQVPLJKWH[LVWLQWKHQXFOHDUH[WUDFWVHFRQGWKHUHPLJKWEHDVSOLFLQJ
LQGHSHQGHQWGLVUXSWLRQRI8DWDF8DWDFGLPHU LQ WKHSUHVHQFHRI$73 ,QSULQFLSOH WKH¿UVW
SRVVLELOLW\FDQQRWUXOHGRXWEXWLVPXFKOHVVOLNHO\WKDQWKHVHFRQGRQHVLQFHHYHQLIWKHVHSUH
P51$VDUHSUHVHQWWKH\ZRXOGEHLQH[WUHPHO\ORZOHYHOVLQVXI¿FLHQWWRSURPRWHVLJQL¿FDQW
OHYHOVRIVSOLFHRVRPHDVVHPEO\7KHVHFRQGSRVVLELOLW\ LVPRUHSUREDEOH LQDQDORJ\ZLWK WKH
VSOLFLQJLQGHSHQGHQWGLVUXSWLRQRIWKHPDMRU88VQ513ZKLFKKDVEHHQREVHUYHGLQYLWUR
0RFNGHSOHWHGDQGSGHSOHWHG+H/DQXFOHDUH[WUDFWVZHUHLQFXEDWHGXQGHU8DWDF8DWDF
UHF\FOLQJFRQGLWLRQVDVGHVFULEHGDERYH%HIRUHWKHDGGLWLRQRI6&1$(1+SUHP51$WKH
8VQ51$ZDVEORFNHGE\LQFXEDWLRQZLWK8DQWLVHQVHROLJRQXFOHRWLGHDVXVXDO7KDWUHVXOWHG
LQ FRPSOHWH LQKLELWLRQRI8GHSHQGHQW VSOLFLQJ DV VKRZQ LQ VHFWLRQ7KHVH WZR LQ YLWUR
VSOLFLQJUHDFWLRQVZHUHIUDFWLRQDWHGWKURXJK&V&OJUDGLHQWVWHQIUDFWLRQVRIHDFKPOSOXV
SHOOHWLQVWHDGRI¿YHRIPOHDFKZHUHFROOHFWHGIURPWRSWRERWWRP7KHQWKHGLVWULEXWLRQRI
8DQG8VQ51$VZDVDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQK\EULGL]DWLRQ
)LJXUH'HVSLWHWKHLQKLELWLRQRIVSOLFLQJ88VQ513ZDVGLVUXSWHGDQGVLQJXODU8
)LJXUH7KHDFFXPXODWLRQ
RIVLQJXODU8DWDFDQG8DWDF
VQ513V LV HQKDQFHG E\
VSOLFLQJLQYLWUR
SGHSOHWHG QXFOHDU H[WUDFW
1('S ZDV LQFXEDWHG IRU 
KRXUV XQGHU VSOLFLQJ FRQGLWLRQV
SDQHO $73 SUHP51$ DV
ZHOO DV LQ WKH DEVHQFH RI $73
SDQHO $73 SUHP51$ RU
LQ WKH DEVHQFH RI 6&1$(1+
SUHP51$ SDQHO $73 SUH
P51$ 7KH GLVWULEXWLRQ RI WKH
8DWDF8DWDF GLVQ513 DQG RI
WKH VLQJXODU 8DWDF DQG 8DWDF
VQ513VZDVGHWHUPLQHGE\&V&OJUDGLHQWFHQWULIXJDWLRQ51$ZDVSUHSDUHGIURPIUDFWLRQVWRWRS
WRERWWRPDVLQGLFDWHGDWWKHWRSDQGDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJ
SURELQJVHSDUDWHO\ IRU8DWDF WRSDQG8DWDF ERWWRP7KHSRVLWLRQVRI WKH8DWDF8DWDFVQ513
IUDFWLRQDQGWKHVLQJXODUIRUPVRI8DWDFDQG8DWDFZLWKLQWKH&V&OJUDGLHQWDUHJLYHQ
IRUWKH¿UVWSDQHORQWKHOHIW
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DQG8VQ513DFFXPXODWHGLQWKHSGHSOHWHGH[WUDFWLQWKHPRFNGHSOHWHGH[WUDFWWKH8
8GLPHUZDVPXFKPRUHDEXQGDQWDQGWKHIUHH8VQ513±DOPRVWQRQH[LVWHQW
7KHUHIRUHWKHVSOLFHRVRPHF\FOHLVQRWWKHVROHSDWKZD\WRGLVUXSW88DQG8DWDF8DWDF
KHWHURGXSOH[HVGLVFXVVHGLQVHFWLRQ
 .QRFNGRZQRISLQ+H/DFHOOVE\51$L
7RFKHFNWKHLQYLYRHIIHFWRISGHSOHWLRQRQPDMRUDQGPLQRUGLVQ513UHF\FOLQJ+H/DFHOOV
ZHUH WUDQVIHFWHGZLWK DQ VL51$ROLJRQXFOHRWLGHGLPHU $. VL51$ WDUJHWHG DJDLQVW
WKH&'6RISP51$7KHFHOOVZHUHKDUYHVWHGDQGKRXUVDIWHUWUDQVIHFWLRQDQG
O\VHGLQWKHSUHVHQFHRI7ULWRQ;SOHYHOVLQWKHO\VDWHVRIWUDQVIHFWHGDQGPRFN
WUDQVIHFWHG FHOOVZKHUH QR VL51$ROLJRQXFOHRWLGH GLPHU KDG EHHQ DGGHGZHUH DQDO\]HG E\
:HVWHUQ EORWWLQJ )LJXUH  SZDV UHGXFHG WR RI WKH FRQWURO OHYHOV DOUHDG\ 
KRXUVDIWHU WUDQVIHFWLRQZKLOH WKHDPRXQWRIJWXEXOLQUHPDLQHGXQFKDQJHG7KH WUDQVIHFWLRQ
HI¿FLHQF\ZDVDSSUR[LPDWHO\,QGLUHFWLQVLWXLPPXQRÀXRUHVFHQFHDQDO\VLVVKRZHGWKDW
LQRIWKHFHOOVSZDVEHORZWKHGHWHFWDEOHOHYHOVDQGWKDWLQDSSUR[LPDWHO\RIWKH
FHOOVSOHYHOVZHUHUHGXFHGLQFRPSDULVRQWRWKHPRFNWUDQVIHFWHGFHOOVLQFROODERUDWLRQZLWK
     	 
           	 
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)LJXUH  7KH 88 VQ513 LV GLVUXSWHG LQ SGHSOHWHG H[WUDFW LQGHSHQGHQW RI
VSOLFLQJ
0RFNGHSOHWHG SDQHO 1('PRFN DQG SGHSOHWHG H[WUDFWV SDQHO 1('S ZHUH LQFXEDWHG IRU
PLQZLWK8 '1$ROLJRQXFOHRWLGH DQG WKHQ IRU  KRXUV XQGHU UHF\FOLQJ FRQGLWLRQVZLWK
6&1$(1+SUHP51$7KH H[WUDFWVZHUH IUDFWLRQDWHG WKURXJK&V&O JUDGLHQWV7HQ IUDFWLRQV SOXV
WKHSHOOHWZHUHFROOHFWHGIURPWRSWRERWWRPDQGWKH51$SXUL¿HGIURPWKHVHIUDFWLRQVZDVDQDO\]HG
GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJZLWKSUREHVGHWHFWLQJ8DQG8VQ51$7KHSHDNV
RIVLQJXODU8DQG8VQ513VDVZHOODVRI88GLVQ513DUHLQGLFDWHGEHORZ
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)LJXUH51$LNQRFNGRZQRISLQ
+H/DFHOOV
+H/D FHOOV ZHUH WUDQVIHFWHG ZLWK DQ VL51$
ROLJRQXFOHRWLGH GLPHU $. VL51$
WDUJHWHG DJDLQVW S P51$ 7KH WUDQVIHFWHG
FHOOV ZHUH KDUYHVWHG   DQG  KRXUV
DIWHU WUDQVIHFWLRQ PRFNWUDQVIHFWHG FHOOV ZHUH
KDUYHVWHG DIWHU  KRXUV &HOO O\VDWHV ZHUH
SUHSDUHGDQGDQDO\VHGE\:HVWHUQEORWWLQJXVLQJ
DQWLSDQWLVHUXPWRSSDQHORUDQWLJWXEXOLQ
DQWLERGLHVERWWRPSDQHO
5HVXOWV
'6WDQHNDQG.1HXJHEDXHU3ODQFN,QVWLWXWIUPROHNXODUH=HOOELRORJLHXQG*HQHWLN'UHVGHQ
GDWDQRWVKRZQ
7KHVL51$ROLJRQXFOHRWLGHWUDQVIHFWLRQUHVXOWHGLQLQKLELWLRQRIJURZWKDQGFHOOGHDWKGDWDQRW
VKRZQ7KHFRQWUROFHOOVDVZHOODVFHOOVWUDQVIHFWHGZLWKRWKHUVL51$ROLJRQXFOHRWLGHVDOVR
GHVLJQHGWRWDUJHWSP51$EXW LQHI¿FLHQW LQSNQRFNGRZQKDGQRJURZWKLQKLELWLRQ
SKHQRW\SHGDWDQRWVKRZQ
7KH EDVHSDLULQJ VWDWXV RI 8 8 8DWDF DQG8DWDF VQ51$ZDV VWXGLHG  KRXUV SRVW
WUDQVIHFWLRQ/\VDWHV SUHSDUHG IURPSNQRFNGRZQ FHOOV DVZHOO DV IURPPRFNWUDQVIHFWHG
FHOOV ZHUH IUDFWLRQDWHG RQ &V&O JUDGLHQWV WHQ IUDFWLRQV ZHUH FROOHFWHG IURP WRS WR ERWWRP
WKH SHOOHWZDV UHFRYHUHG DVZHOO DQG WKH VQ51$GLVWULEXWLRQZDV GHWHUPLQHG E\ GHQDWXULQJ
JHOHOHFWURSKRUHVLVDQG1RUWKHUQEORW )LJXUH1RVLJQL¿FDQWGLIIHUHQFH LQ WKH UHODWLYH
DPRXQWVRI88VQ513EHWZHHQWUDQVIHFWHGDQGPRFNWUDQVIHFWHGFHOOVZDVREVHUYHGWRS
SDQHO6LPLODUO\8DWDFDQG8DWDFEDVHSDLULQJVWDWXVZDVQRWVLJQL¿FDQWO\DOWHUHGE\S
NQRFNGRZQPLGGOHDQGORZHUSDQHOV,QWKHWRWDOFHOO O\VDWHV88DWDFH[LVWV LQD ODUJHU
H[FHVVRYHU88DWDFVQ51$FRPSDUHGWRWKHQXFOHDUH[WUDFW&RQVLGHUDEOHIUDFWLRQRI8
8DWDFLVDOZD\VLQWKHIRUPRIVLQJXODUVQ513WKHUHIRUHWKHGLVWULEXWLRQRI8DQG8DWDF
VQ51$VLVPRUHLQGLFDWLYHIRUWKHHI¿FLHQF\RIGLVQ513UHF\FOLQJ+RZHYHUQHLWKHU8QRU
8DWDFVQ513VDFFXPXODWHGDIWHUSNQRFNGRZQ
7KLVUHVXOWVXJJHVWVWKDWLQYLYRWKHUHPLJKWEHDOWHUQDWLYHPHFKDQLVPVRIGLVQ513UHF\FOLQJ
QRW PHGLDWHG E\ S 7KH JURZWKLQKLELWLRQ SKHQRW\SH REVHUYHG DIWHU SNQRFNGRZQ
VXJJHVWVIXUWKHUWKDWSPD\KDYHRWKHUIXQFWLRQVLQDGGLWLRQWRUHF\FOLQJ
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)LJXUHSNQRFNGRZQGRHVQRWGLVUXSW88DQG8DWDF8DWDFVQ513VLQYLYR
/\VDWHV IURPPRFNWUDQVIHFWHG OHIW SDUW RU VL51$WUDQVIHFWHG+H/DFHOOVZHUH IUDFWLRQDWHG WKURXJK
D&V&OJUDGLHQW7HQIUDFWLRQVSOXVWKHSHOOHWZHUHFROOHFWHGIURPWRSWRERWWRPWKH51$IURPWKHVH
IUDFWLRQVZDVSXUL¿HGDQGDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQG1RUWKHUQEORWWLQJZLWKDPL[HG
SUREHGHWHFWLQJ8DQG8VQ51$VWRSSDQHORUZLWK8DWDFDQG8DWDFVSHFL¿FSUREHVPLGGOHDQG
ERWWRPSDQHOV7KHSHDNVRIWKHGLVQ513VDQGWKHVLQJXODU88DWDFVQ513DUHLQGLFDWHGEHORZ

 3XUL¿FDWLRQRISRVWVSOLFHRVRPDO8VQ513
$V LW KDV EHHQ VKRZQ LQ VHFWLRQ  SRVWVSOLFHRVRPDO8 DQG8DWDF VQ513V DFFXPXODWH
LQSGHSOHWHG+H/DQXFOHDUH[WUDFWDIWHULQFXEDWLRQXQGHUVSOLFLQJFRQGLWLRQV7KHSURWHLQ
FRPSRQHQWVRIWKHVHFRPSOH[HVKDYHQRWEHHQFKDUDFWHUL]HGXQWLOQRZ
7R FROOHFW DGGLWLRQDO LQIRUPDWLRQ DERXW WKH SRVWVSOLFHRVRPDO VQ513V SGHSOHWHG H[WUDFW
ZDV LQFXEDWHGZLWK DQH[FHVVRI0LQ[SUHP51$XQGHU VSOLFLQJFRQGLWLRQV DVGHVFULEHGE\
%HOOHWDO7KLVH[WUDFWZDVIUDFWLRQDWHGE\JO\FHUROJUDGLHQWVHGLPHQWDWLRQXQGHUQDWLYH
FRQGLWLRQV7KHGLVWULEXWLRQRI WKHSRVWVSOLFHRVRPDOVQ513VZDVDQDO\]HGE\GHQDWXULQJJHO
HOHFWURSKRUHVLVDQGVLOYHUVWDLQLQJDQGFRPSDUHGZLWKWKDWRIVQ513VLQH[WUDFWWKDWKDGQRWEHHQ
LQFXEDWHG)LJXUH
1RVLJQL¿FDQWGLIIHUHQFHVRI WKH VHGLPHQWDWLRQSUR¿OHRI8DQG8VQ513VZHUHREVHUYHG
FRPSDUH SDQHOV 1( 'S DQG 1( 'S SRVWVSOLFLQJ %HIRUH LQFXEDWLRQ 8 88
DQG888VQ513VDUH W\SLFDOO\ UHVROYHGZLWKSHDNV LQJUDGLHQW IUDFWLRQVDQG
UHVSHFWLYHO\SDQHO1('S$IWHULQFXEDWLRQXQGHUVSOLFLQJFRQGLWLRQVQRSHDNVRIGLDQG
WULVQ513FRPSOH[HVZHUHGHWHFWHGDQ\PRUH8VQ51$SHDNHGLQIUDFWLRQ8VQ51$LQ
IUDFWLRQ7KHUHIRUH8DQG8VQ513VKDYHUHPDLQHGSUHGRPLQDQWO\LQWKHLUVLQJXODUVWDWHV
8 SHDN VKLIWHG IURP IUDFWLRQ  EHIRUH WKH LQFXEDWLRQ WR IUDFWLRQ  DIWHU WKH LQFXEDWLRQ
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)LJXUH3UHVSOLFHRVRPDODQGSRVWVSOLFHRVRPDOFRPSOH[HVRI8DQG8VQ51$V
VQ513 FRPSOH[HV IURP SGHSOHWHG H[WUDFW LQFXEDWHG IRU RQH KRXU ZLWK0LQ[ SUHP51$ XQGHU
UHF\FOLQJ FRQGLWLRQV SDQHO 1('S SRVWVSOLFLQJ ZHUH IUDFWLRQDWHG WKURXJK D   JO\FHURO
JUDGLHQW &RQWURO IUDFWLRQDWLRQ RI VQ513V IURP SGHSOHWHG H[WUDFW QRW LQFXEDWHG XQGHU VSOLFLQJ
FRQGLWLRQVZDVFDUULHGRXWLQSDUDOOHOSDQHO1('S51$ZDVSUHSDUHGIURPWKHRGGIUDFWLRQVSOXV
SHOOHW DQG DQDO\]HG E\ GHQDWXULQJ JHO HOHFWURSKRUHVLV DQG VLOYHU VWDLQLQJ7KHPRVW DEXQGDQW51$V
LQWKHQXFOHDUH[WUDFWDQGWKHSHDNVRIWKHVQ513VFRQWDLQLQJ8RU8VQ51$DUHLQGLFDWHG0DUNHU
66DQG6U51$VZHUHVHGLPHQWHGLQSDUDOOHORQDFRQWUROJUDGLHQWWKHLUSHDNVDUHPDUNHGE\
DUURZKHDGVDWWKHERWWRPRIWKHJHO
5HVXOWV
SUREDEO\UHÀHFWLQJWKHGLVUXSWLRQRIWKHWULVQ513DQGWKHDFFXPXODWLRQRIWKH68VQ513
7KHPLQRUVSOLFHRVRPHFRPSOH[HVZHUHQRWGHWHFWHGE\VLOYHUVWDLQLQJVLQFHWKH\DUHPXFKOHVV
DEXQGDQW
7KHSRVWVSOLFHRVRPDO8VQ513ZDVLQLWLDOO\SXUL¿HGIURPJO\FHUROJUDGLHQWIUDFWLRQVWRE\
+LPPXQRDI¿QLW\FKURPDWRJUDSK\6FKQHLGHUHWDO7KH+PRQRFORQDODQWLERG\
VSHFL¿FDOO\UHFRJQL]HVWKHK\SHUPHWK\ODWHGFDSRIWKHVSOLFHRVRPDOVQ51$V7RLPSURYHWKH
SXUL¿FDWLRQ HI¿FLHQF\ WKHPDWHULDO GHULYHG IURP WKH JUDGLHQW ZDV SDVVHG WZLFH WKURXJK WKH
FROXPQ7KH LPPRELOL]HG VQ513VZHUH HOXWHG E\ D ODUJH H[FHVV
RIP*FDSDQDORJXHDQG WKH51$SUHSDUHG IURPWKHHOXDWHZDV
DQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVIROORZHGE\VLOYHUVWDLQLQJ
)LJXUH8DQG8VQ513VZKLFKDOVRFRQWDLQPHWK\O
JXDQRVLQHFDSFRSXUL¿HGZLWK8VQ513DVH[SHFWHG8VQ51$
KRZHYHUZDVQRWSUHVHQWLQWKHHOXWHGPDWHULDOLQGLFDWLQJWKDWWKH
SRVWVSOLFHRVRPDO8VQ513LVQRWDVVRFLDWHGZLWK8
8VQ513ZDVDOVRDI¿QLW\VHOHFWHGIURPWKHVDPHJUDGLHQW
IUDFWLRQV XVLQJ D ELRWLQ\ODWHG DQWLVHQVH ¶2PHWK\ODWHG
51$ROLJRQXFOHRWLGH,WDQQHDOVWR8VQ51$QXFOHRWLGHV
WRDUHJLRQQRWLQYROYHGLQH[WHQVLYHVHFRQGDU\VWUXFWXUH
VHH)LJXUHIRUVHFRQGDU\VWUXFWXUHPRGHOVRI8DQG
88VQ51$QRULQELQGLQJRIDQ\RIWKHNQRZQ88
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)LJXUH,PPXQRDI¿QLW\SXUL¿FDWLRQRIVQ513VFRQWDLQLQJ
K\SHUPHWK\ODWHGVQ51$V
SGHSOHWHGQXFOHDUH[WUDFWLQFXEDWHGXQGHUUHF\FOLQJFRQGLWLRQVZLWK
0LQ[ SUHP51$ZDV IUDFWLRQDWHG WKURXJK D JO\FHURO JUDGLHQW
*UDGLHQWIUDFWLRQVWRFRQWDLQLQJWKHVLQJXODU8VQ513ZHUHORDGHG
RQDQ+6HSKDURVHFROXPQ7KHÀRZWKURXJKZDVORDGHGRQWKHFROXPQ
IRU WKH VHFRQG WLPH7KH LPPRELOL]HG VQ513VZHUHHOXWHGE\P*FDS
DQDORJXH51$ZDVSUHSDUHGIURPRIWKHLQSXWODQHLQSXW WKH
PDWHULDOSDVVHGWKURXJKWKHFROXPQRQFHODQHGHSORU WZLFHODQH
[GHSODVZHOODVIURPWKHHOXDWHODQHDQWL70*,3VHSDUDWHGLQ
GHQDWXULQJ JHO DQG VLOYHUVWDLQHG 7KH HOHFWURSKRUHWLF PRELOLWLHV RI WKH
PDMRUQXFOHDU51$VDUHLQGLFDWHGRQWKHOHIWVLGH
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)LJXUH$I¿QLW\VHOHFWLRQRI8DQG8VQ513V
SGHSOHWHG QXFOHDU H[WUDFW LQFXEDWHG XQGHU UHF\FOLQJ
FRQGLWLRQVZLWK0LQ[SUHP51$ZDVIUDFWLRQDWHGWKURXJKD
JO\FHUROJUDGLHQW*UDGLHQWIUDFWLRQVWRFRQWDLQLQJWKH
VLQJXODU8VQ513ZHUHSRROHGDQGXVHGDVDQ LQSXWPDWHULDO
8DQG8VQ513VZHUHVHOHFWHGE\ELRWLQ\ODWHGDQWLVHQVH¶2
PHWK\ODWHG51$ROLJRQXFOHRWLGHVLPPRELOL]HGRQQHXWUDYLGLQH
DJDURVH EHDGVZDVKHG DQG HOXWHG XQGHU GHQDWXULQJ FRQGLWLRQV
51$ ZDV SUHSDUHG IURP  RI WKH SRROHG IUDFWLRQV EHIRUH
ODQHV  LQSXW DQG DIWHU ODQHV  GHSO WKH VQ513V ZHUH
LPPRELOL]HGDQGIURPWKHHOXDWHVODQHVHOXWHG7KH51$ZDV
DQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQGVLOYHUVWDLQLQJ

VSHFL¿FSURWHLQV1RWWURWWHWDO7KHVHOHFWHGVQ513VZHUHLPPRELOL]HGRQQHXWUDYLGLQ
DJDURVHEHDGVWKH51$ZDVHOXWHGVHSDUDWHGRQGHQDWXULQJJHODQGVLOYHUVWDLQHG)LJXUH
ULJKWSDUW7KHSXUL¿HGFRPSOH[HVFRQWDLQHG8VQ51$DVZHOODVVXEVWRLFKLRPHWULFDPRXQW
RI8VQ51$7KLVPLJKWEHH[SODLQHGE\8DQG8EHLQJUHOHDVHGIURPWKH%FRPSOH[LQ
WKHIRUPRID88GLVQ513)RUWKDWUHDVRQDFRQWURODI¿QLW\VHOHFWLRQRI8VQ513ZDV
FDUULHGRXWLQSDUDOOHOXVLQJDELRWLQ\ODWHG8DQWLVHQVH¶2PHWK\ODWHG51$ROLJRQXFOHRWLGH
7KHODWWHUVHOHFWLRQFRQWDLQHGRQO\8EXWQRW8VQ51$)LJXUHOHIWSDUW7KHUHIRUHWKH
8VQ513ZDVVHOHFWHGLQGHSHQGHQWO\RIWKHSRVWVSOLFHRVRPDO8VQ513DSRVWVSOLFHRVRPDO
88VQ513LVQRWOLNHO\WRH[LVW
7KH DWWHPSWV WR LGHQWLI\ WKH SURWHLQ FRPSRQHQWV RI WKH SXUL¿HG 8 VQ513 VR IDU ZHUH
XQVXFFHVVIXO7KHDI¿QLW\VHOHFWLRQFRQWDLQHGDKLJKEDFNJURXQGRISURWHLQVWKDWELQGGLUHFWO\
WRWKH8DQWLVHQVHROLJRQXFOHRWLGHGDWDQRWVKRZQ7KHPDWHULDOSXUL¿HGRQWKH+FROXPQ
ZDVQRWVXI¿FLHQWIRUGHWHFWLQJDQ\RIWKHNQRZQ88VSHFL¿FSURWHLQVE\:HVWHUQEORWWLQJ
LQFROODERUDWLRQZLWK61RWWURWWDQG5/KUPDQQ0D[3ODQFN,QVWLWXWIUELRSK\VLNDOLVFKH
&KHPLH*|WWLQJHQGDWDQRWVKRZQ
)XUWKHUH[SHULPHQWVDUHUHTXLUHGWRFKDUDFWHUL]HWKHSRVWVSOLFHRVRPDO8VQ513
 3XUL¿FDWLRQDQGDQDO\VLVRI8VQ513IURP+H/D6H[WUDFW
$VVKRZQLQVHFWLRQ8RFFXUVLQDODUJHH[FHVVRYHU8VQ51$LQWRWDOFHOOO\VDWHV,Q
QXFOHDUH[WUDFWVKRZHYHUPRVWRI8LVFRPSOH[HGZLWK8VQ51$$ODUJHIUDFWLRQRIVLQJXODU
8VQ513VOHDNVRXWRI WKHQXFOHLGXULQJH[WUDFWSUHSDUDWLRQ7KLV OHDNHGIUDFWLRQRI WKH8
VQ513PLJKWEHSUHVHQWLQF\WRSODVPLFH[WUDFWVVXFKDV6
7KH8VQ513IURP6H[WUDFWZDVDI¿QLW\VHOHFWHGE\DELRWLQ\ODWHG51$ROLJRQXFOHRWLGH
8ELR WKDW ELQGV FORVH WR WKH ¶ HQG RI8 VQ51$7KDW UHJLRQ LV SDUW RI D ODUJH
LUUHJXODUVWHPORRSDQGWKHUHIRUHWKHDQQHDOLQJRIWKHDQWLVHQVHROLJRQXFOHRWLGHVKRXOGGLVUXSW
LW DW OHDVW SDUWLDOO\ 7KHUH LV DOVR D VPDOO DPRXQW RI 88 VQ513 LQ +H/D 6 H[WUDFW
7KH DQWLVHQVH ROLJRQXFOHRWLGH VKRXOG WKHQ EH DEOH WR FRVHOHFW88 VQ513PRUHRYHU WKH
FRUUHVSRQGLQJUHJLRQRI8VQ51$RFFXUV LQDVLQJOHVWUDQGHGIRUPDFFRUGLQJWR WKH88
VHFRQGDU\ VWUXFWXUH PRGHO VHH )LJXUH  IRU D VFKHPDWLF UHSUHVHQWDWLRQ RI WKH DI¿QLW\
VHOHFWLRQSURFHGXUH7RDYRLG88FRQWDPLQDWLRQRIDI¿QLW\VHOHFWHG8VQ5138VQ51$
ZDVVXEMHFWHGWRDQWLVHQVHROLJRQXFOHRWLGHGLUHFWHG51DVH+FOHDYDJHEHIRUHWKHDQQHDOLQJRI
WKHELRWLQ\ODWHGROLJRQXFOHRWLGH
'1$ROLJRQXFOHRWLGHVWKDWWDUJHW8LQWKHUHJLRQVRIVWHP,6DQWL8DQG,,6DQWL8
KDGEHHQFKRVHQWRGLVUXSWWKH88VQ5137KHHI¿FLHQF\RI8VQ51$FOHDYDJHZDVWHVWHG
LQWKHSUHVHQFHRIP0'1$ROLJRQXFOHRWLGHVGLUHFWHGDJDLQVW88VWHP,)LJXUH
ODQH6VWHP,,ODQH6RUERWKRIWKHPODQH667KH8VQ51$ZDVTXDQWLWDWLYHO\
FOHDYHGLQWKHSUHVHQFHRI6DQWL8ROLJRQXFOHRWLGHDQGSDUWLDOO\LQWKHSUHVHQFHRI6DQWL
8ROLJRQXFOHRWLGH51DVH+FOHDYDJHRI8VQ51$GLUHFWHGE\ERWKROLJRQXFOHRWLGHVZDV
URXWLQHO\FDUULHGRXWSULRUWR8VQ513DI¿QLW\VHOHFWLRQ
8QWUHDWHGH[WUDFW6DQGH[WUDFWLQZKLFK8KDGEHHQGLJHVWHGDVGHVFULEHG6'8
5HVXOWV
ZHUH XVHG IRU WKH DI¿QLW\ VHOHFWLRQ RI8 VQ513 )LJXUH  &RQWURO VHOHFWLRQV PRFN
LQWKHDEVHQFHRIWKHELRWLQ\ODWHGROLJRQXFOHRWLGHZHUHSUHSDUHGLQSDUDOOHO7KHLPPRELOL]HG
FRPSOH[HVZHUHHOXWHGDQGWKH51$FRPSRQHQWVDQDO\]HGE\GHQDWXULQJJHOHOHFWURSKRUHVLV
DQGVLOYHUVWDLQLQJ)LJXUHSDQHO$ ODQHV( LQSDUDOOHOZLWK51$SUHSDUHGIURPWKH
H[WUDFWVEHIRUHODQHVDQGDQGDIWHUWKHDI¿QLW\VHOHFWLRQODQHV)7&RPSOH[HVFRQWDLQLQJ
RQO\8VQ51$ZHUHSXUL¿HGIURP6'8H[WUDFWODQH7KRVHVHOHFWHGIURP6H[WUDFW
FRQWDLQHGDVPDOODPRXQWRI8LQDGGLWLRQWR8VQ51$ODQHVXJJHVWLQJWKDWLQWKLVFDVH
8VQ513ZDVFRQWDPLQDWHGE\88VQ5137KHPRFNVHOHFWHGPDWHULDOFRQWDLQHGQR8
VQ51$LQERWKFDVHVODQHVDQG




 
	 
 
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)LJXUH6FKHPDWLFUHSUHVHQWDWLRQRI8VQ513DI¿QLW\VHOHFWLRQ
8DVZHOODV88VQ513DUHUHFRJQL]HGE\DQWLVHQVH¶2PHWK\ODWHG51$ROLJRQXFOHRWLGHVKRZQ
LQ UHG7KHROLJRQXFOHRWLGHKDV IRXUELRWLQJURXSV UHSUHVHQWHGDVRUDQJHVTXDUHVDW LWV¶HQG7KH
VHOHFWHGVQ513VDUHLPPRELOL]HGRQQHXWUDYLGLQDJDURVHEHDGVWKURXJKLQWHUDFWLRQRIWKHDYLGLQWKHEOXH
RYDOZLWKWKHELRWLQJURXSV$IWHUZDVKLQJSURWHLQDQG51$FRPSRQHQWVDUHHOXWHGXQGHUGHQDWXULQJ
FRQGLWLRQV'XHWRWKHKLJKDI¿QLW\ELRWLQQHXWUDYLGLQLQWHUDFWLRQWKHDQWLVHQVHROLJRQXFOHRWLGHUHPDLQV
LPPRELOL]HG

7KHSURWHLQ FRPSRQHQWV RI WKH VHOHFWHG VQ513VZHUH
VHSDUDWHG E\ 6'63$*( DQG VWDLQHG E\ &RRPDVVLH
EULOOLDQW EOXH )LJXUH  SDQHO % 7KH SURWHLQ
SUR¿OHV RI WKH VHOHFWHG VQ513V IURP6'8 DQG 6 H[WUDFWVZHUH HVVHQWLDOO\ LGHQWLFDO
FRPSDUHODQHVDQG7ZRSURWHLQEDQGVDSSHDUHGVSHFL¿FDOO\LQWKHVHOHFWHGEXWQRWLQWKH
PRFNVHOHFWHGPDWHULDOFRPSDUHODQHVDQGDQG7KHORZHURQHLQGLFDWHGE\DQRSHQ
DUURZKHDG UDQDW DSSUR[LPDWHO\N'DZDV LGHQWL¿HGDV/DSURWHLQ VHHEHORZ WKHXSSHU
EDQGPDUNHGE\DEODFNDUURZKHDGUHSUHVHQWHGDSURWHLQZLWKDSSDUHQWPROHFXODUZHLJKWRI
N'D$SURWHLQRIWKDWVL]HKDVQRWEHHQUHSRUWHGDVDFRPSRQHQWRI8RU88VQ513V
WKHUHIRUHLWPLJKWEHDQRYHO8ELQGLQJSURWHLQ7KLVEDQGZDVJHOSXUL¿HGDQGDQDO\]HGE\
PDVVVSHFWURPHWU\VHHEHORZ
6XUSULVLQJO\ WKH RWKHU NQRZQ 8VSHFL¿F SURWHLQV WKH /VP FRPSOH[ DQG S ZHUH QRW
GHWHFWDEOHE\&RRPDVVLHVWDLQLQJLQWKHVHOHFWHG8VQ5137RFRQ¿UPWKHDEVHQFHRISDQG
WKHLGHQWLW\RIWKHN'DEDQGWKHSURWHLQHOXDWHVZHUHDQDO\]HGE\:HVWHUQEORWZLWKDQWLS
DQWLVHUXPDQGDQWL/DDXWRLPPXQHVHUXP)LJXUH7KH/DSURWHLQZDVFRQ¿UPHGDVD
FRPSRQHQWRI8VQ513VVHOHFWHGERWKIURP6'8DQG6H[WUDFWV,WZDVQRWGHWHFWHG
LQPRFNVHOHFWHGPDWHULDOSDQHO$SSURWHLQZDVQRWIRXQGLQ8VQ513VVHOHFWHGIURP
6'8 DV ZHOO DV IURP 6 H[WUDFWV SDQHO % 7KH < PRQRFORQDO DQWLERG\ ZKLFK
UHFRJQL]HVSULPDULO\WKH6P%%¶DQGOHVVHI¿FLHQWO\6P'SURWHLQVJDYHDZHDNSRVLWLYHVLJQDO
RQO\ZLWK WKHVQ513VHOHFWHGIURP6EXWQRW IURP6'8H[WUDFW SDQHO&7KH6P
FRPSOH[LVDNQRZQFRPSRQHQWRI88VQ5137KHODWWHU¿QGLQJWKHUHIRUHFRUUHODWHVZLWKWKH
REVHUYHGFRVHOHFWLRQRI88VQ513IURP6H[WUDFW
$F'1$*HQ%DQNDFFHVVLRQ$.FORQHGDQGVHTXHQFHGIURPKXPDQWHUDWRFDUFLQRPD
FHOOV FRQWDLQVDQRSHQ UHDGLQJ IUDPHFRQVLVWLQJRIDPLQRDFLGV 2WDHWDO )RXU
SHSWLGHV LGHQWL¿HG E\ PDVVVSHFWURPHWULF DQDO\VLV RI WKH  N'DEDQG PDSSHG WR WKH
K\SRWKHWLFDO SURWHLQ HQFRGHG E\ WKLV UHDGLQJ IUDPH )LJXUH 7KH K\SRWKHWLFDO SURWHLQ
FDOOHGSLQWKHIROORZLQJKDVDFDOFXODWHGPROHFXODUZHLJKWRIN'D,WLVDEDVLFSURWHLQ
ZLWKSUHGLFWHGLVRHOHFWULFSRLQWRIZKLFKLVFRQVLVWHQWZLWKWKHDSSDUHQWPROHFXODUZHLJKW
RIN'DLQ6'6JHOV$QDO\VLVRIWKHGRPDLQVWUXFWXUHRISUHYHDOHGWKDWLWFRQWDLQVIRXU
550VDQGWKXVFRQVWLWXWHDERQD¿GH51$ELQGLQJSURWHLQ)LJXUHSLVZHDNO\VLPLODU
WR WKH \HDVW123 D SURWHLQ WKDW DOVR FRQWDLQV IRXU550V DQG LV ORFDOL]HG WR WKH QXFOHROL

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  )LJXUH'1$ROLJRQXFOHRWLGHGLUHFWHG51DVH+
FOHDYDJHRI8VQ51$
+H/D 6 H[WUDFW ZDV LQFXEDWHG ZLWK 51DVH + LQ WKH
SUHVHQFH RI 6 DQWL8 ROLJRQXFOHRWLGH UHFRJQL]LQJ 8
VQ51$LQWKHUHJLRQRI88VWHP,ODQH6LQWKHSUHVHQFH
RI6DQWL8ROLJRQXFOHRWLGHWKDWDQQHDOVWR8VQ51$LQ
WKHUHJLRQRI88VWHP,,ODQH6RULQWKHSUHVHQFHRI
ERWKRIWKHPODQH6651$IURPWKHVHUHDFWLRQVDVZHOO
DVIURP6H[WUDFWODQHLQSXWZDVSUHSDUHGVHSDUDWHGE\
GHQDWXULQJJHOHOHFWURSKRUHVLVDQGVLOYHUVWDLQHG
5HVXOWV
123LVUHTXLUHGIRUWKHQRUPDOSURGXFWLRQRIU51$DQGRIWKHODUJHULERVRPDOVXEXQLWV6XQ
DQG:RROIRUG6XQDQG:RROIRUG&RQVHUYHGKRPRORJXHVRISZHUHIRXQGE\
GDWDEDVHVHDUFKLQPLFHUDWDQGRWKHUYHUWHEUDWHVKRZHYHUQRQHRIWKHPKDVEHHQIXQFWLRQDOO\
VWXGLHG
7KHORFDOL]DWLRQDQGWKH51$ELQGLQJSUHIHUHQFHVRISZHUHVWXGLHGE\H[SUHVVLRQRI*67
WDJJHG S LQ+(. FHOOV7KH&'6 RI SP51$ZDV FORQHG LQWR S+,/ YHFWRUZKLFK
EHDUVD&09SURPRWHUDQGDQ1WHUPLQDO*67WDJ7KH*67SIXVLRQSURWHLQZDVH[SUHVVHG
E\ WUDQVLHQW WUDQVIHFWLRQ LQ+(.FHOOV$FRQWURO WUDQVIHFWLRQZLWKS+,/YHFWRUHQFRGLQJ

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)LJXUH$I¿QLW\VHOHFWLRQDQGDQDO\VLVRI8VQ513IURP6H[WUDFW
$7KH8VQ513ZDVDI¿QLW\VHOHFWHGDVVKRZQRQ)LJXUHIURP+H/D6H[WUDFW6ODQHV
RUIURP6H[WUDFWSUHLQFXEDWHGZLWK51DVH+DQGROLJRQXFOHRWLGHV6DQWL8DQG6DQWL
86'8ODQHV7KHVHOHFWLRQZDVFDUULHGRXWLQWKHSUHVHQFHRIELRWLQ\ODWHGDQWLVHQVH¶2
PHWK\ODWHG51$ROLJRQXFOHRWLGH8ELR8ODQHVDQG0RFNVHOHFWLRQVLQWKHDEVHQFH
RIWKHELRWLQ\ODWHGROLJRQXFOHRWLGHPRFNODQHVDQGZHUHGRQHLQSDUDOOHO51$ZDVSUHSDUHG
IURPRIWKHH[WUDFWEHIRUHODQHVRUDIWHUELQGLQJRIWKH8VQ513)7ÀRZWKURXJKODQHV
DQGDVZHOODVIURPWKHHOXDWHV(ODQHVDQG7KH51$ZDVDQDO\]HGE\GHQDWXULQJJHO
HOHFWURSKRUHVLVDQGVLOYHUVWDLQLQJ7KHSURPLQHQW51$EDQGVDUHGHVLJQDWHGRQWKHOHIWVLGH
% 7KH SURWHLQ FRPSRQHQWV RI WKH HOXWHG VQ513V ZHUH VHSDUDWHG E\ 6'63$*( ZLWK D 
SRO\DFU\ODPLGHJUDGLHQWJHODQG&RRPDVVLHVWDLQHG/DQHVDQGFRUUHVSRQGWRODQHVDQG
VKRZQLQ$,QSXW6H[WUDFW6ODQHPROHFXODUZHLJKWPDUNHUODQHV0DQGUHFRPELQDQW
S ODQHV SZHUH DOVR VHSDUDWHG LQ SDUDOOHO7KH/D SURWHLQ VHH)LJXUH  LV LQGLFDWHG E\
DQRSHQDUURZKHDG7KHN'DSURWHLQEDQGSRLQWHGE\DEODFNDUURZKHDGZDVLGHQWL¿HGE\PDVV
VSHFWURPHWULFDQDO\VLVDVWKHSURWHLQHQFRGHGE\$.P51$

RQO\WKH*67SURWHLQZDVDOVRFDUULHGRXW7KHVXEFHOOXODUORFDOL]DWLRQRIWKHVHSURWHLQVZDV
GHWHUPLQHGKRXUVDIWHU WUDQVIHFWLRQE\ LQGLUHFW LQVLWX LPPXQRÀXRUHVFHQFHZLWKDQWL*67
DQWLERGLHV LQ FROODERUDWLRQ ZLWK 3 6WRLORY DQG 6 6WDPP )ULHGULFK$OH[DQGHU8QLYHUVLWlW
(UODQJHQ7KHORFDOL]DWLRQRIWKHHQGRJHQRXV65SURWHLQ6&ZDVFKHFNHGLQSDUDOOHO)LJXUH
7KH*67SURWHLQZDVIRXQGLQWKHF\WRSODVPWRSOHIWSDQHO*67SZDVDORFDOL]HG
WRWKHQXFOHXVEXWLWGLGQRWVKRZWKHFKDUDFWHULVWLFQXFOHDUVSHFNOHGSDWWHUQRI6&ERWWRP
SDQHOVWKHQXFOHDUVSHFNOHVDUHWKHVLWHVZKHUHSUHP51$VSOLFLQJRFFXUV6XUSULVLQJO\*67
SLVQRWDQXFOHRODUSURWHLQOLNHWKH\HDVW123LQVWHDGLWZDVIRXQGLQWKHQXFOHRSODVPDQG
ZDVHQULFKHGDWWKHLPPHGLDWHVXUURXQGLQJRIWKHQXFOHROLWRSULJKWSDQHO
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)LJXUH/DSURWHLQEXWQRWSLVDVVRFLDWHGZLWKWKHVHOHFWHG8VQ513
7KH SURWHLQ FRPSRQHQWV RI WKH8VQ513 ODQHV8 VHOHFWHG IURP6'8 DQG6 H[WUDFWV DV
VKRZQRQ)LJXUHSDQHO%ZHUHDQDO\]HGE\:HVWHUQEORWWLQJZLWKDQWL/DDXWRLPPXQHVHUXP$
DQWLSDQWLVHUXP%DQG<PRQRFORQDODQWLERG\&&RQWUROVHOHFWLRQVFDUULHGRXWLQWKHDEVHQFH
RIWKH8ELRROLJRQXFOHRWLGHODQHVPRFNZHUHWHVWHGLQSDUDOOHORIWKHLQSXW6H[WUDFW
ODQHV6DQHTXDOYROXPHRI+H/DQXFOHDUH[WUDFWODQHV1(DQGQJRIUHFRPELQDQWSODQH
+LVSZHUHORDGHGDVFRQWUROV
       	
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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)LJXUH'RPDLQRUJDQL]DWLRQRIS
)RXU51$UHFRJQLWLRQPRWLIV LQ S WKH WUDQVODWHG SURGXFW RI$.P51$ZHUH SUHGLFWHG E\
1&%,FRQVHUYHGGRPDLQVHDUFKKWWSZZZQFELQOPQLKJRY6WUXFWXUHFGGZUSVEFJL
7KHLQWHUQDOSHSWLGHVVKRZQZHUHLGHQWL¿HGE\PDVVVSHFWURPHWULFDQDO\VLVRIWKHN'DSURWHLQFR
VHOHFWHGZLWK8VQ5137KHQXPEHUVDERYHLQGLFDWHWKHSRVLWLRQVRIWKHDPLQRDFLGV7KH550VDQG
WKHSRVLWLRQVRIWKHSHSWLGHVDUHGUDZQWRVFDOH
5HVXOWV
7KH51$ELQGLQJVSHFL¿FLW\RI*67SZDVGHWHUPLQHGE\D*67SXOOGRZQDVVD\+(.
FHOOVZHUHWUDQVIHFWHGZLWKH[SUHVVLRQYHFWRUVHQFRGLQJ*67RU*67SSURWHLQVUHVSHFWLYHO\
DQG KDUYHVWHG DIWHU  KRXUV &HOOXODU H[WUDFWV FRQWDLQLQJ ERWK F\WRSODVPLF DQG QXFOHDU
PDWHULDO ZHUH SUHSDUHG DQG LQFXEDWHG ZLWK JOXWDWKLRQH6HSKDURVH EHDGV 7KH EHDGV ZHUH
ZDVKHGZLWKEXIIHUVFRQWDLQLQJRUP0.&O7KHSURWHLQDQG51$FRPSRQHQWV
RIWKHLPPRELOL]HGFRPSOH[HVZHUHHOXWHGDQGDQDO\]HGE\6'63$*(DQGE\GHQDWXULQJJHO
HOHFWURSKRUHVLVIROORZHGE\VLOYHUVWDLQLQJDQG1RUWKHUQEORWWLQJUHVSHFWLYHO\)LJXUH
7KHHOXWHGSURWHLQVDUHVKRZQRQSDQHO$*67PDUNHGE\DEODFNDUURZKHDGZDVH[SUHVVHG
LQPXFKKLJKHUOHYHOVWKDQ*67SRSHQDUURZKHDG7KHDSSDUHQWPROHFXODUPDVVRI*67
SLVN'DFRQVLVWHQWZLWKWKHVL]HRIWKH*67WDJN'DDQGWKHDSSDUHQWPROHFXODU
PDVVRISDSSUR[LPDWHO\N'DVHH)LJXUHSDQHO%51$VFRSUHFLSLWDWLQJZLWK
*67DQG*67SZHUHVHSDUDWHGE\GHQDWXULQJJHOHOHFWURSKRUHVLVDQGVLOYHUVWDLQHG)LJXUH
SDQHO%7RWDO51$SUHSDUHGIURPWKHFHOOXODUH[WUDFWVODQHVDQGDQGIURP
+H/DQXFOHDUH[WUDFWODQHVZDVDQDO\]HGLQSDUDOOHO2QO\PLQRUDPRXQWVRIVRPHKLJK
PROHFXODUZHLJKW51$VRIWHQIRXQGWRSUHFLSLWDWHQRQVSHFL¿FDOO\ZHUHGHWHFWHGLQWKH*67
HOXDWHODQHV*67SLQFRQWUDVWZDVDVVRFLDWHGZLWKPDQ\51$VSULPDULO\ZLWK6DQG
6U51$VODQHV

	

	

)LJXUH  *67S IXVLRQ SURWHLQ H[SUHVVHG LQ +(. FHOOV LV ORFDOL]HG WR WKH
QXFOHRSODVPDQGHQULFKHGDWWKHQXFOHRODUERUGHU
+(.FHOOVZHUHWUDQVLHQWO\WUDQVIHFWHGZLWKSODVPLGVHQFRGLQJ*67OHIWFROXPQRU*67SULJKW
FROXPQ7KHORFDOL]DWLRQRIWKHVHSURWHLQVZDVGHWHUPLQHGKRXUVDIWHUWUDQVIHFWLRQE\LQGLUHFWLQVLWX
LPPXQRÀXRUHVFHQFHXVLQJDQWL*67DQWLERGLHVWRSURZ7KHORFDOL]DWLRQRIWKHHQGRJHQRXV6&ZDV
GHWHUPLQHGLQSDUDOOHOE\DQWL6&DQWLERGLHVERWWRPURZ

)LJXUH*67SLVDVVRFLDWHGSULPDULO\ZLWK6DQG6U51$VDVZHOODVZLWK8
DQG8VQ51$V
+(.FHOOVZHUHWUDQVIHFWHGZLWKSODVPLGVHQFRGLQJ*67RU*67S7KHFHOOVZHUHKDUYHVWHGDIWHU
KRXUDQGWRWDOH[WUDFWVZHUHSUHSDUHG7KHFRPSOH[HVRI*67ODQHV*67DQG*67SODQHV*67
SZHUHLPPRELOL]HGRQJOXWDWKLRQH6HSKDURVHZDVKHGE\EXIIHUVFRQWDLQLQJDQGP0
.&ODQGHOXWHGXQGHUGHQDWXULQJFRQGLWLRQVODQHVDQGUHVSHFWLYHO\
$7KHSURWHLQFRPSRQHQWVRIWKHHOXWHGFRPSOH[HVZHUHDQDO\]HGE\6'63$*(LQDJUDGLHQW
JHO IROORZHG E\ 5RWL%OXH VWDLQLQJ *67 LV LQGLFDWHG E\ D EODFN DUURZKHDG *67S E\ DQ RSHQ
DUURZKHDG7KHPROHFXODUZHLJKWPDUNHUODQHV0VL]HVDQG
N'DDUHVKRZQRQWKHULJKWVLGH
%51$ZDVSUHSDUHGIURPWKHHOXWHG*67DQG*67SFRPSOH[HVODQHVDQGUHVSHFWLYHO\
IURPRURIWKHLQSXWH[WUDFWV*67ODQHVDQG*67SODQHVDVZHOODVIURPPO
RUPO+H/DQXFOHDUH[WUDFWODQHV7KH51$VDPSOHVZHUHDQDO\]HGE\HOHFWURSKRUHVLVLQ
GHQDWXULQJJHODQGVLOYHUVWDLQLQJ7KHHOHFWURSKRUHWLFPRELOLWLHVRI6.6DQG6U51$VW51$8
888DQG8VQ51$VDUHVKRZQRQWKHOHIW
&$OLTXRWVIURPWKHVDPH51$VDPSOHVVKRZQLQ%ZHUHDQDO\]HGE\1RUWKHUQEORWXVLQJPL[HG
SUREHGHWHFWLQJWKHPDMRUVSOLFHRVRPDOVQ51$VLQGLFDWHGRQWKHOHIW
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5HVXOWV
7KH PDMRU VSOLFHRVRPDO VQ51$V ZHUH GHWHFWHG E\ 1RUWKHUQ K\EULGL]DWLRQ SDQHO & *67
SURWHLQGLGQRWELQGWRDQ\RIWKHPODQHV,QP0.&O*67SZDVFRPSOH[HGZLWK
8888DQG8VQ51$VODQH$WPRUHVWULQJHQWFRQGLWLRQVKRZHYHULWUHPDLQHG
DVVRFLDWHGRQO\ZLWK8DQG8VQ51$VODQHVDQG
7KHUHIRUHSDSSHDUVWREHDSRWHQW51$ELQGLQJSURWHLQLQWHUDFWLQJSUHIHUHQWLDOO\ZLWK6
DQG6U51$VEXWDOVRZLWK8DQG8VQ51$V

'LVFXVVLRQ
 6SHFL¿FLW\DQG51$ELQGLQJSURSHUWLHVRI88UHF\FOLQJIDFWRUV
3USDQGS
7KHGLVFRYHU\WKDWWKHKXPDQSSURWHLQUHSUHVHQWVWKH88VQ513UHF\FOLQJIDFWRU%HOOHW
DOOHGWRWKHLGHQWL¿FDWLRQRIDSXWDWLYHRUWKRORJVIURPVHYHUDORWKHUVSHFLHVVHH)LJXUH
8QOLNHPRVWRIWKHVHSURWHLQV3USODFNVWKH1WHUPLQDO+$7PRWLIVDQGLVRQO\UHPRWHO\
VLPLODUWRS,QFRQWUDVWWR\HDVWDQGKXPDQUHF\FOLQJIDFWRUV8LVWKHPRVWKLJKO\FRQVHUYHG
VSOLFHRVRPDOVQ51$7KHUHLVDQH[WHQVLYHVHTXHQFHKRPRORJ\EHWZHHQKXPDQDQG\HDVW8
VQ51$ )LJXUH  SDQHO % \HDVW 8 FDQ HYHQ EH SDUWLDOO\ DOLJQHGZLWK KXPDQ8DWDF
VQ51$SDQHO&7KHVHFRQGDU\VWUXFWXUHVRIKXPDQDQGHDVW88KHWHURGXSOH[HVDVZHOO
DVRIKXPDQ8DWDF8DWDFDUHFRQVHUYHGWKHVWUXFWXUHVRIWKHLUVLQJXODUIRUPVKRZHYHUDUH
PRUHYDULDEOHSDQHO$
'HVSLWHWKHLUGLIIHUHQFHVERWK3USDQGSLQWHUDFWH[FOXVLYHO\ZLWK8DQG88VQ51$V
S DOVR ELQGV WR WKHLU VQ51$ FRXQWHUSDUWV RI WKHPLQRU VSOLFHRVRPH7KH51$ VHTXHQFH
UHTXLUHPHQWVRI3USDQGSELQGLQJDUHGLI¿FXOW WRFRPSDUHVLQFH WKH\ZHUHVWXGLHGE\
GLIIHUHQWDSSURDFKHVIRRWSULQWLQJDQGJHQHWLFPXWDWLRQDODQDO\VLVLQFDVHRI3USVHHEHORZ
DQGLQYLWURELQGLQJRIVKRUWHQHGGHULYDWLYHVRI8DQG8DWDFVQ51$LQFDVHRIS
$VVKRZQE\LQYLWURELQGLQJZLWKVKRUWHQHG51$GHULYDWLYHVSLQWHUDFWVZLWKKXPDQ8
EHWZHHQQXFOHRWLGHVDQGDQGZLWK8DWDFVQ51$EHWZHHQQXFOHRWLGHVDQG)LJXUHV
DQG7KHVHWZRVHTXHQFHVUHSUHVHQWWKHPRVWKLJKO\FRQVHUYHGSDUWEHWZHHQ8
DQG8DWDFDQGDUHIXQFWLRQDOO\UHODWHG7KH\FRQWDLQERWKWKHFRQVHUYHG$&$*$*ER[RULWV
FRUUHVSRQGLQJDWDFYHUVLRQDQGWKHQXFOHRWLGHVLQYROYHGLQVWHP,IRUPDWLRQVHH)LJXUH
+\GUR[\OUDGLFDOIRRWSULQWLQJUHYHDOHGWKDW3USSURWHFWV8VQ51$EHWZHHQQXFOHRWLGHV
WR*KHWWLHWDO7KLVIRRWSULQWLQJDQDO\VLVKRZHYHUGLGQRWVKRZGLUHFWO\WKH51$
UHJLRQUHTXLUHGIRU3USELQGLQJ7KHSURWHFWHG8VWUHWFKZDVGLVFRQWLQXRXV WKHK\GUR[\O
UDGLFDOFOHDYDJHDWVRPHQXFOHRWLGHVZLWKLQ WKH UHJLRQRIQXFOHRWLGHVZDVQRWDIIHFWHG
DWDOOE\DGGLWLRQRI3USRWKHUVZHUHSURWHFWHGWRDVWURQJHURUZHDNHUH[WHQW7KHUHIRUHWKLV
SURWHFWLRQHIIHFWFRXOGEHGXHQRWRQO\ WRGHFUHDVHGDFFHVVLELOLW\RI WKHQXFOHRWLGHV LQYROYHG
LQ51$SURWHLQLQWHUDFWLRQEXWDOVRWRVWUXFWXUDODOWHUDWLRQVLQÀLFWHGE\WKHELQGLQJRI3US
7KHPXWDWLRQDODQDO\VLVRI\HDVW8VQ51$DOVRGLGQRWSURYLGHFRQFOXVLYHLQIRUPDWLRQDERXW
WKHPLQLPDOVHTXHQFHUHTXLUHPHQWVRI3US8LQWHUDFWLRQ8PXWDQWVZLWKLQWKHUHJLRQRI
QXFOHRWLGHVZHUHLQHI¿FLHQWLQLQWHUDFWLRQZLWK3USRUGHIHFWLYHLQWULVQ513IRUPDWLRQ
-DQGURVLW]DQG*XWKULH5\DQHWDO1RWDEO\WKHVHPXWDWLRQVPDSZLWKLQWKH51$
UHJLRQSURWHFWHGE\3US
7KHDFFXPXODWHGGDWDDUHQRWVXI¿FLHQWWRGH¿QHWKHPLQLPDO51$VHTXHQFHPRWLIVUHTXLUHG
IRU LQWHUDFWLRQZLWK3US DQG S7KHVHPRWLIV DUH QDUURZHG GRZQ WR  QXFOHRWLGHV IRU
KXPDQ8DQG8DWDFVQ51$VDQGWRQXFOHRWLGHVIRU\HDVW8VQ51$6KRUWHUVHTXHQFH
HOHPHQWVPD\EHVXI¿FLHQWIRUELQGLQJ+RZHYHU3USKDVWZR550VPRUHWKDQSDQGWKLV
PLJKWH[SODLQWKHPRUHH[WHQGHGVHTXHQFHHOHPHQWLWFDQSURWHFW1HYHUWKHOHVVWKHUHLVDFOHDU
'LVFXVVLRQ
VLPLODULW\EHWZHHQSDQG3USELQGLQJVLWHV7KH$&$*$*ER[DQGVWHP,QXFOHRWLGHVDUH
UHTLUHGIRU51$SURWHLQLQWHUDFWLRQ)LJXUHSDQHO%<HDVW8DQGKXPDQ8DWDFVQ51$
DUHWRRGLYHUJHGVRWKDWWKHLGHQWL¿HGVHTXHQFHHOHPHQWVFRXOGEHDOLJQHGRQO\SDUWLDOO\)LJXUH
SDQHO&7KHDERYHGDWDLQGLFDWHWKDW3USDQGSPD\LQWHUDFWZLWKWKHLUUHF\FOLQJ
VXEVWUDWHVLQDQDQDORJRXVZD\$QRWKHUREVHUYDWLRQVXSSRUWVWKLVK\SRWKHVLV0XWDWLRQVLQWKH
¶SDUWRI WKH WHOHVWHPRU WKH¶VWHPORRSWKDW OHDGWRGLVUXSWLRQRIEDVHSDLULQJLQFUHDVHWKH
VWDELOLW\RIWKH83USFRPSOH[5\DQHWDO/LNHZLVHGHVWDELOL]DWLRQRIWKHODUJH¶
 
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)LJXUH3USDQGSVKDUHVLPLODUVHTXHQFHUHTXLUHPHQWVIRU8VQ51$ELQGLQJ
$6HFRQGDU\VWUXFWXUHVRI\HDVWDQGKXPDQ8VQ51$7KH¶VWHPORRSDQGWKHWHOHVWHPDUHLQGLFDWHG
LQWKHVWUXFWXUHRI\HDVW8
%$OLJQPHQWRIKXPDQ8QXFOHRWLGHVWRDQG\HDVW8QXFOHRWLGHVWR
&$OLJQPHQWRIKXPDQ8DWDFDQG\HDVW8VQ51$2QO\WKHSDUWVVKDULQJVLJQL¿FDQWVLPLODULW\DUH
VKRZQ
3US DQG S ELQGLQJ UHJLRQV DUH ER[HG RQ DOO SDQHOV7KH VHTXHQFHV LPSRUWDQW IRU ¶ VSOLFH VLWH
LQWHUDFWLRQDQG8EDVHSDLULQJDUHLQGLFDWHGRQSDQHOV%DQG&

WHUPLQDOVWHPORRSRIKXPDQ8E\DQQHDOLQJDQDQWLVHQVHROLJRQXFOHRWLGH WR LWV¶WHUPLQDO
SDUWJUHDWO\LQFUHDVHVWKHELQGLQJDI¿QLW\RISFRPSDUHSDQHOV$DQG%RQ)LJXUH
7KHUHIRUHLWPLJKWEHK\SRWKHVL]HGWKDW3USDQGSELQGWRWKH¶SDUWRIWKHVHVWUXFWXUHV
UHVXOWLQJLQGHVWDELOL]DWLRQDQGSDUWLDORSHQLQJRIWKHGRXEOHKHOLFDOUHJLRQ7KLVLVSUREDEO\DQ
HVVHQWLDOSUHUHTXLVLWHIRUWKHVXEVHTXHQWDVVRFLDWLRQRI88DWDF
7KH VHTXHQFH HOHPHQWV UHFRJQL]HGE\3US DQGSGR QRW SDUWLFLSDWH LQ FRQVHUYHG51$
VWUXFWXUHSELQGVWRDSDUWRILUUHJXODUVWHPLQ8DQGSDUWRIWKH¶VWHPORRSRI8DWDF
VQ51$3USELQGVWRWKHWHOHVWHPDQGWKHODUJHORRSRI\HDVW8VQ51$7KHVHWKUHH51$
HOHPHQWVKDYHOLWWOHLQFRPPRQEHVLGHVWKHLUVHTXHQFHVDQGWKLVLVFRQVLVWHQWZLWKWKHWKHRU\WKDW
WKHSURWHLQVWDELOL]HVDPRUHRSHQVWUXFWXUHRIWKH51$XSRQELQGLQJ
$IWHU KHWHURGXSOH[ IRUPDWLRQ WKH VHFRQGDU\ VWUXFWXUHV RI KXPDQ 88 8DWDF8DWDF
DQG \HDVW 88 FOHDUO\ UHVHPEOH HDFK RWKHU $ FKDUDFWHULVWLF <VKDSHG VWUXFWXUH RI WZR
LQWHUPROHFXODUVWHPVDQGWKH¶VWHPORRSRI88DWDFVQ51$LVIRUPHG
SLQWHUDFWVZLWKWRIROGORZHUDI¿QLW\ZLWK88DQG8DWDF8DWDFGXSOH[HVFRPSDUHG
WRWKHLUFRUUHVSRQGLQJVLQJXODUVQ51$V)LJXUHSDQHOV%DQG&2QWKHFRQWUDU\LWKDV
EHHQ IRXQG WKDW WKHDI¿QLW\RI3US IRU\HDVW88KHWHURGXSOH[ LVIROGKLJKHU WKDQ IRU
WKH VLQJXODU8 VQ51$ *KHWWLHW DO 7KH VDPH DXWKRUV DOVR UHSRUWHG WKDW WKH3US
IRRWSULQWLQJ SDWWHUQV RQ8 DQG88 VQ51$V DUH GLIIHUHQW:KHQ LQWHUDFWLQJZLWK3US
WKH88K\EULGLVSURWHFWHGLQWKHUHJLRQRI8DQGLQVWHP,,RIERWK8QXFOHRWLGHV
DQG8VQ51$7KHQXFOHRWLGHVRI8SDUWLFLSDWLQJLQVWHP,IRUPDWLRQZHUHQRORQJHU
SURWHFWHGE\3US8QIRUWXQDWHO\QRLQIRUPDWLRQLVDYDLODEOHDERXWWKHSELQGLQJVLWHVRQ
KXPDQ88DQG8DWDF8DWDFKHWHURGXSOH[HV
 '\QDPLFVRIGLVQ513UHF\FOLQJSLVDVVRFLDWHGZLWK88DWDF
DQG88EXWQRWZLWK8DWDF8DWDFVQ513
,PPXQRSUHFLSLWDWLRQ VWXGLHV XVLQJ +H/D QXFOHDU DQG 6 H[WUDFWV UHYHDOHG WKDW S LV D
SURWHLQFRPSRQHQWRIERWK8DQG88VQ5135HJDUGLQJWKHPLQRUVSOLFHRVRPHFRPSOH[HV
LWZDVIRXQGDOPRVWH[FOXVLYHO\LQWKHVLQJXODU8DWDFVQ5138DWDF8DWDFVQ513FRQWDLQHG
EDFNJURXQGOHYHOVRIS)LJXUHVDQG7KLVLVDVWULNLQJGLIIHUHQFHSLVLQYROYHG
LQUHF\FOLQJRIERWKPDMRUDQGPLQRUGLVQ513VKRZHYHULQFDVHRIWKHPLQRUVSOLFHRVRPDO
FRPSOH[HVLWLVDVVRFLDWHGZLWK8DWDFWKHVXEVWUDWHRIWKHUHF\FOLQJUHDFWLRQLQFDVHRIWKH
PDMRUFRPSOH[HVZLWKERWKWKHVXEVWUDWHDQGWKHUHF\FOHGSURGXFW88VQ513
7KHGLIIHUHQFHVGHVFULEHGDERYHDUHQRWGXHWRORZDI¿QLW\LQWHUDFWLRQRISZLWKWKH8DWDF
8DWDF KHWHURGXSOH[ DV VKRZQ RQ )LJXUH  SDQHO % DQG & 7KH DSSDUHQW GLVVRFLDWLRQ
FRQVWDQWVRISFRPSOH[HVZLWK88DQG8DWDF8DWDF51$K\EULGVZHUHYHU\VLPLODU
Q0DQGQ0UHVSHFWLYHO\SKDVDWZRWRWKUHHIROGKLJKHUSUHIHUHQFH
WRELQG8RU8DWDFVQ51$WKDQWKHLUFRUUHVSRQGLQJK\EULGVZLWK8RU8DWDF,QWHUHVWLQJO\
WKH\HDVWUHF\FOLQJIDFWRU3USLVIRXQGSULPDULO\LQFRPSOH[ZLWKVLQJXODU8EXWQRWZLWK
88VQ5136KDQQRQDQG*XWKULHDOWKRXJKLWKDVDQDSSUR[LPDWHO\¿YHIROGJUHDWHU
DI¿QLW\WR88KHWHURGXSOH[WKDQWR8VQ51$*KHWWLHWDO2EYLRXVO\WKHVWDELOLWLHV
'LVFXVVLRQ
RIWKHVH51$SURWHLQFRPSOH[HVGRQRWKDYHDFULWLFDOUROHIRUWKHGLVWULEXWLRQRISDQG3US
EHWZHHQWKHVXEVWUDWHVDQGWKHSURGXFWVRIWKHUHF\FOLQJUHDFWLRQ
$SRVVLEOHH[SODQDWLRQIRUWKLVSKHQRPHQRQFRXOGEHWKHHI¿FLHQF\RIWKHUHF\FOLQJUHDFWLRQ,I
WKHUHVWRUDWLRQRIWKH8DWDF8DWDFLVLQHI¿FLHQWFRPSDUHGWRWKDWRIWKHPDMRU88GLPHU
WKHUHF\FOLQJIDFWRUSLVH[SHFWHGWRDFFXPXODWHLQ8DWDFVQ513+RZHYHUWKLVK\SRWKHVLV
LV QRW VXSSRUWHG E\ H[SHULPHQWDO HYLGHQFH2Q WKH FRQWUDU\ ERWKPDMRU DQGPLQRU VQ513V
DSSHDUWREHUHF\FOHGYHU\HI¿FLHQWO\VLQFHWKHYDVWPDMRULW\RI88DWDFLVDVVRFLDWHGZLWK
88DWDFVQ51$VLQJXODU8DQG8DWDFVQ513VDUHYLUWXDOO\XQGHWHFWDEOHLQQXFOHDUDQG
6H[WUDFWVDVVKRZQE\IUDFWLRQDWLRQWKURXJKJO\FHURODQG&V&OJUDGLHQWVVHH)LJXUHV
DQG
7KHUHVWRUDWLRQRIWKHGLVQ513VLVRQO\RQHVWHSRIWKHUHF\FOLQJSDWKZD\LW LVIROORZHGE\
DQRWKHUHYHQWLQZKLFKWKHGLVQ513VFRPELQHZLWK68VQ513WRUHIRUPWKHWULVQ513V
8 VQ513 LV LQYHU\ ODUJH H[FHVVRYHU8DWDF8DWDFEXWQRWRYHU88 VQ513 WKXV8
PD\ DVVRFLDWH HI¿FLHQWO\ ZLWK WKH PLQRU GLVQ513 UHGXFLQJ LWV VWHDG\VWDWH OHYHOV 7R WHVW
WKDW SRVVLELOLW\ WKH UHODWLYH DPRXQWV RI VLQJXODU GL DQG WULVQ513V RI WKHPDMRU DQGPLQRU
VQ51$VZHUHGHWHUPLQHGE\JO\FHUROJUDGLHQWVHGLPHQWDWLRQXQGHUQDWLYHFRQGLWLRQV)LJXUH
6XUSULVLQJO\8DWDF8DWDFGLVQ513FRPSULVHGWKHSUHGRPLQDQWSDUWRIWKH8DWDFDQG
8DWDFFRPSOH[HVZKLOH8DWDF8DWDF8WULVQ513DFFRXQWHGIRUOHVVWKDQ,QFRQWUDVW
WKH888WULVQ513ZDVPRUHDEXQGDQWWKDQWKH88VQ5137KLVUHVXOWVKRZVWKDWWKH
ORZOHYHOVRIS8DWDF8DWDFFRPSOH[DUHDOVRQRWGXHWRLWVFRQVXPSWLRQLQWKHIROORZLQJ
UHF\FOLQJRIWKHPLQRUWULVQ513
7KH¿QGLQJVGLVFXVVHGDERYHLQGLFDWHDFOHDUGLIIHUHQFHLQWKHG\QDPLFVRIPDMRUDQGPLQRUWUL
VQ513UHF\FOLQJVHHVFKHPDWLF)LJXUHSELQGVWRERWK8DQG8DWDFVQ513V,WLV
XQNQRZQZKHWKHUWKDWRFFXUVLQGHSHQGHQWO\RI/6PFRPSOH[UHDVVRFLDWLRQRUWKHVHSURFHVVHV
DUHPXWXDOO\ HQKDQFHG1H[W WKH GLVQ513V DUH UHVWRUHG YLD DPHFKDQLVPQRW \HW FODUL¿HG
LQYROYLQJDVVRFLDWLRQRI8DQG8DWDFVQ513VUHVSHFWLYHO\DQGIRUPDWLRQRILQWHUPROHFXODU
VWHPV,DQG,,7KHWULVQ513VDUHVXEVHTXHQWO\EXLOWXSIURPGLVQ513VDQG8VQ513$QWL
S LPPXQRSUHFLSLWDWLRQIURPJUDGLHQW IUDFWLRQV UHYHDOHG WKDWDFRQVLGHUDEOHSRUWLRQRI WKH
88 VQ513 FRSUHFLSLWDWHG LQ IUDFWLRQ  )LJXUH  ,W FRXOG WKXV EH FRQFOXGHG WKDW
PRVWRIWKH88KHWHURGXSOH[LVERXQGHLWKHUE\SRUE\WKH8VQ513ZKLFKIDYRXUVWKH
SRVVLELOLW\WKDWSLVGLVSODFHGIURPWKH88VLVQ513E\8ZKHQWKHWULVQ513LVIRUPHG
,QFRQWUDVWWRWKDWSOHDYHVWKH8DWDF8DWDFFRPSOH[VKRUWO\DIWHUUHF\FOLQJ7KHIRUPDWLRQ
RIWKHPLQRUWULVQ513LVQRWHI¿FLHQWVHH)LJXUHDQGDVDUHVXOW8DWDF8DWDFVQ513
DFFXPXODWHV,WLVQRWFOHDUZKHWKHUWKHDEVHQFHRISIURPWKHPLQRUGLVQ513FRQWULEXWHVWR
WKHLQHI¿FLHQWIRUPDWLRQRI8DWDF8DWDF8VQ513
7KHODWWHU¿QGLQJVDUHLQDFFRUGDQFHZLWKWKHK\SRWKHVLVWKDW8W\SHVSOLFLQJFRXOGEHDUDWH
OLPLWLQJVWHSRISUHP51$SURFHVVLQJ3DWHOHWDO6SHFL¿FDOO\WKHLQHI¿FLHQWPLQRUWUL
VQ513UHF\FOLQJPD\VORZGRZQWKHH[FLVLRQRI8GHSHQGHQWLQWURQV
$WSUHVHQWLWLVXQFOHDUZK\SOHDYHV8DWDF8DWDFEXWUHPDLQVDVVRFLDWHGZLWK88XQWLO
LWLVMRLQHGE\8VQ5131RQHRIWKHSRVVLEOHUHDVRQVGLVFXVVHGDERYHFRXOGEHH[SHULPHQWDOO\

FRQ¿UPHG7KHHDUO\GLVVRFLDWLRQRISIURP8DWDF8DWDFVQ513WKHQLVOLNHO\WREHGXH
WRVXEWOHVWUXFWXUDOGLIIHUHQFHVEHWZHHQWKHPDMRUDQGWKHPLQRUGLVQ513V8QIRUWXQDWHO\WKH
8DWDF8DWDFVQ513LVSRRUO\FKDUDFWHUL]HGLQWHUPVRILWVSURWHLQFRPSOH[HV7KHUHLVRQO\
LQGLUHFWHYLGHQFHWKDWWKH88VSHFL¿FSURWHLQVDUHDOVRSUHVHQWLQDWDFGLVQ513V6FKQHLGHU
HWDO:KHWKHUWKHVHSURWHLQVDUHDVVRFLDWHGLQDQDORJ\WRWKHPDMRU88VQ513DQG
ZKHWKHUWKHUHDUHDQ\DWDFGLVQ513VSHFL¿FIDFWRUVLVXQNQRZQ
1RWDEO\ WKHPLQRUGL DQG WULVQ513VGLGQRW FRIUDFWLRQDWHZLWK WKHLU FRUUHVSRQGLQJPDMRU
VQ513V WKH SHDNV RI WKHPLQRU VQ513V ZHUH VKLIWHG WZR IUDFWLRQV WRZDUGV WKH WRS RI WKH
JUDGLHQW)LJXUH7KLVKDVQRWEHHQREVHUYHGSUHYLRXVO\6FKQHLGHUHWDOKRZHYHU
WKDWVWXG\KDVEHHQFDUULHGRXWZLWKDQWL70*DI¿QLW\SXUL¿HG8VQ513VEXWQRWGLUHFWO\ZLWK
QXFOHDUH[WUDFW7KHUHIRUHWKHVHVQ513VPD\KDYHEHHQFKDQJHGVWUXFWXUDOO\RUPD\KDYHORVW
SURWHLQFRPSRQHQWVGXULQJWKHSXUL¿FDWLRQSURFHVV
 'LVQ513UHF\FOLQJLQYLWURDQGLQYLYR
7KH UROH RI S IRU8DWDF8DWDF VQ513 UHF\FOLQJZDV VWXGLHG XQGHU VSOLFLQJ FRQGLWLRQV
LQYLWUR)LUVW WKHHIIHFWRISGHSOHWLRQRQ8GHSHQGHQWVSOLFLQJ LQYLWURZDV WHVWHG$W
QRUPDO VXEVWUDWH FRQFHQWUDWLRQ  QJ SHU POUHDFWLRQ WKHUHZDV OLWWOH GLIIHUHQFH EHWZHHQ
6&1$(1+ SUHP51$ VSOLFLQJ HI¿FLHQF\ LQ SGHSOHWHG H[WUDFW DQG GHSOHWHG H[WUDFW
FRPSOHPHQWHGZLWKUHFRPELQDQWS)LJXUHOHIWVLGH+RZHYHUZKHQWKHDPRXQWRI
SUHP51$ZDVLQFUHDVHGXSWRQJSHUPOUHDFWLRQDVLJQL¿FDQWWZRIROGVWLPXODWLRQRI
VSOLFLQJZDVREVHUYHG)LJXUH ULJKWVLGH7KLVUHVXOWFDQEHLQWHUSUHWHGDVSEHLQJ
LPSRUWDQW IRU VSOLFLQJ RQO\ZLWK DQ H[FHVV RI SUHP51$ SUHVXPDEO\ EHFDXVH WKH UHF\FOLQJ
VWDJHRIWKHVSOLFHRVRPHF\FOHEHFRPHVOLPLWLQJIRU8GHSHQGHQWVSOLFLQJ(YHQXQGHUWKHVH
UHF\FOLQJ FRQGLWLRQV8DWDF VQ51$ WKH VSOLFHRVRPDO VQ51$RI ORZHVW DEXQGDQFHZDV LQ
)LJXUH0RGHORI88DQG8DWDF8DWDFVQ513UHF\FOLQJ
%LQGLQJDQGUHOHDVHRISLVVFKHPDWLFDOO\UHSUHVHQWHGGXULQJWKHSRVWVSOLFHRVRPDOWUDQVLWLRQVIURPWKH
VLQJXODUWRWKHGLVQ513VWUXFWXUHVDQGIXUWKHUWRWKHWULVQ513FRPSOH[HV7KHSELQGLQJUHJLRQVLQ
8DQG8DWDFVQ51$DUHLQGLFDWHGE\RSHQOLQHVIRUERWKWKHVLQJXODUDQGGXSOH[VQ51$VWUXFWXUHV
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'LVFXVVLRQ
ODUJHH[FHVVDSSUR[LPDWHO\IROGRYHUWKH8GHSHQGHQWVSOLFLQJVXEVWUDWH7KHUHIRUHLWLV
OLNHO\WKDWQRWDOOVSOLFHRVRPDOVQ513VDUHIXQFWLRQDOLQVSOLFLQJLQYLWUR
7KH HIIHFW RI S GHSOHWLRQ RQ 8GHSHQGHQW VSOLFLQJ LQ YLWUR ZDV VLPLODU 0HGHQEDFK HW
DOXQSXEOLVKHGUHVXOWVDOWKRXJKXQGHUWKHHVWDEOLVKHGUHF\FOLQJFRQGLWLRQVQJVSOLFLQJ
VXEVWUDWHSHUPOUHDFWLRQWKHVWLPXODWLRQE\0LQ[SUHP51$VSOLFLQJE\SZDVKLJKHU
7KLVSUREDEO\UHÀHFWVWKHJHQHUDOO\ORZVSOLFLQJHI¿FLHQF\RI6&1$(1+SUHP51$
7KHH[SHULPHQWGLVFXVVHGDERYHLQGLFDWHVWKDWSDFWVDWVRPHVWHSGXULQJWKHUHF\FOLQJSKDVH
RIPLQRU VSOLFHRVRPHF\FOH7DNLQJ LQWR DFFRXQW WKDW SELQGV WR8DWDF VQ51$DQG WKDW
LWKDVSUHYLRXVO\EHHQIRXQGWRUHF\FOHWKHPDMRU88VQ513%HOOHWDO WKHPRVW
OLNHO\IXQFWLRQRIWKDWSURWHLQLQ8GHSHQGHQWVSOLFLQJLVWRUHF\FOHWKH8DWDF8DWDFVQ513
7KLVK\SRWKHVLVZDVWHVWHGE\8DWDF8DWDFUHF\FOLQJDVVD\VHVWDEOLVKHGWKHVDPHZD\DVIRU
88 UHF\FOLQJ VHH VFKHPDWLF)LJXUH7KH VQ513V DFFXPXODWHG DIWHU LQFXEDWLRQRI
SGHSOHWHGRUPRFNGHSOHWHGQXFOHDU H[WUDFW XQGHU UHF\FOLQJ FRQGLWLRQV VHH DERYHZHUH
IUDFWLRQDWHGWKURXJK&V&OJUDGLHQWDQGDQDO\]HGE\1RUWKHUQK\EULGL]DWLRQ7KHUHVXOWRI WKH
H[SHULPHQW SURYHG WKDW S LV DOVR LQYROYHG LQ PLQRU GLVQ513 UHF\FOLQJ )LJXUH 
FRPSDUHGWR88UHF\FOLQJORZHUFRQFHQWUDWLRQVRISSURWHLQZHUHVXI¿FLHQWWRUHVWRUH
8DWDF8DWDFVQ513
8QGHUWKHKLJKVDOWFRQGLWLRQVLQWKH&V&OJUDGLHQWORRVHO\ERXQGSURWHLQVGLVVRFLDWHIURPWKH
VQ513FRPSOH[HVEXWWKH51$51$LQWHUDFWLRQVDUHQRWDIIHFWHG$QHPSLULFDOIRUPXODKDV
EHHQGHULYHGWRHVWLPDWHWKHSURWHLQFRQWHQWRIWKHIUDFWLRQDWHGVQ513V
3URWHLQ UZKHUHULVWKHEXR\DQWGHQVLW\RIWKHVQ513H[SUHVVHGLQJPO
6SLULQ
8VLQJWKLVHTXDWLRQWKHSURWHLQFRPSRQHQWVRI8DWDFVQ513IRXQGLQJUDGLHQWIUDFWLRQZHUH
HVWLPDWHG WR DSSUR[LPDWHO\  N'D$VVXPLQJ WKDW WKH SURWHLQ FRPSRVLWLRQ RI WKH8DWDF
8DWDFVQ513LVVLPLODUWRWKDWRI88VQ513WKHPRVWOLNHO\LQWHUSUHWDWLRQRIWKLVUHVXOW
LV WKDWRQO\ WKHVHYHQFDQRQLFDO6PSRO\SHSWLGHV aN'DDQGSRVVLEO\ WKH.SURWHLQ
UHPDLQHG ERXQG WR 8DWDF VQ51$ GXULQJ &V&O GHQVLW\ FHQWULIXJDWLRQ 8DWDF LV SUREDEO\
VWULSSHGRIWKH/6PSURWHLQVWKH.SURWHLQDVZHOODVWKH..DQG.SURWHLQVZKLFK
IRUPDVWDEOHKHWHURPHULFFRPSOH[+RURZLW]HWDOSUREDEO\GLGQRWUHPDLQLQDFRPSOH[
ZLWK8DWDF8DWDF$FFRUGLQJWRWKLVPRGHO8DWDFDQG8DWDFVQ51$VLQJUDGLHQWIUDFWLRQ
GRQRWUHSUHVHQWDQLQWHUPHGLDWHFRPSOH[LQZKLFKWKH\PLJKWEHDVVRFLDWHGE\SURWHLQSURWHLQ
LQWHUDFWLRQV0RUHOLNHO\8DWDFDQG8DWDFDUHEDVHSDLUHGDVLQWKHIXOO\UHF\FOHGGLVQ513
7KHOHYHOVRI8DWDFVQ51$LQSGHSOHWHGH[WUDFWDIWHULQFXEDWLRQXQGHUUHF\FOLQJFRQGLWLRQV
DSSHDUHGWREHPXFKOHVVWKDQLQWKHH[WUDFWVFRQWDLQLQJHQGRJHQRXVRUUHFRPELQDQWS)LJXUH
7KHUHIRUHWKHSRVVLELOLW\WKDWSVWDELOL]HV8DWDFZDVFRQVLGHUHG+RZHYHUDFRQWURO
H[SHULPHQW)LJXUHVKRZHGWKDWWKHGHFUHDVHRI8DWDFOHYHOVLQWKHDEVHQFHRISZDV
QRWGXHWRGHJUDGDWLRQEXWUDWKHUWRORVVLQWKH&V&OJUDGLHQW'XHWRORZVSOLFLQJHI¿FLHQF\WKH
8DWDF8DWDFUHF\FOLQJDVVD\ZDVFDUULHGRXWLQWKHSUHVHQFHRI39$ZKLFKHQKDQFHVSOLFLQJ
LQ YLWUR GXH WR LWV YROXPHH[FOXVLRQ HIIHFW39$ZDVQRW SUHVHQW LQ88 VQ513 UHF\FOLQJ
UHDFWLRQVDQGUHPDUNDEO\WKHOHYHOVRI8VQ51$DIWHUFHQWULIXJDWLRQLQ&V&OJUDGLHQWKDYHQRW

EHHQGHFUHDVHG%HOOHWDO:KHQWKHVSOLFLQJUHDFWLRQZDVPL[HGZLWKWKH&V&OVROXWLRQ
WKH39$WHQGHGWRFRDWWKHZDOOVRIWKHFHQWULIXJHWXEHDQGWRIRUPDQXSSHUOD\HURQWRSRIWKH
JUDGLHQW$VDUHVXOW8DWDFVQ51$KDVOLNHO\EHHQORVWSDUWLDOO\GXHWRDEVRUSWLRQE\WKH39$
FRDWLQJ
7R LQYHVWLJDWH WKH UROH RI S LQ YLYR WKLV SURWHLQ ZDV GHSOHWHG LQ +H/D FHOOV E\ 51$L
NQRFNGRZQ S ZDV UHGXFHG WR  RI WKH FRQWURO OHYHOV )LJXUH  ZKLFK UHVXOWHG
LQ VSHFL¿F LQKLELWLRQ RI FHOO JURZWK DQG GHFUHDVHG FHOO YLDELOLW\  KRXUV DIWHU WUDQVIHFWLRQ
+RZHYHU WKHGLVWULEXWLRQRI VLQJXODU8DQG8VQ513VRI88GLVQ513DVZHOO DVRI
WKHLUPLQRUVSOLFHRVRPDOFRXQWHUSDUWVZDVQRWGHWHFWDEO\DOWHUHGDIWHUSNQRFNGRZQ)LJXUH
7KLV UHVXOW LV GLI¿FXOW WR LQWHUSUHW VLQFH JHQH H[SUHVVLRQ SUHP51$SURFHVVLQJ DQG
P51$H[SRUWDUHFORVHO\FRXSOHG LQYLYRDVGLVFXVVHGLQVHFWLRQ5HGXQGDQWDFWLYLWLHVLQ
DGGLWLRQWRSPD\EHLQYROYHGLQGLVQ513UHVWRUDWLRQDOWHUQDWLYHO\SPD\KDYHDQRWKHU
IXQFWLRQHVVHQWLDOIRUJURZWKDQGFHOOVXUYLYDOLQDGGLWLRQWRGLVQ513UHF\FOLQJ
,W KDV EHHQ VKRZQ WKDW SRVWVSOLFHRVRPDO8 %HOOHW DO  DQG8DWDF VQ513V )LJXUH
 DFFXPXODWHG LQ SGHSOHWHG H[WUDFW LQFXEDWHG XQGHU 8 DQG 8GHSHQGHQW
UHF\FOLQJ FRQGLWLRQV UHVSHFWLYHO\ ,Q H[WUDFW FRQWDLQLQJ HQGRJHQRXV OHYHOV RI S WKHVH
VQ513VZHUHHI¿FLHQWO\FRQYHUWHGEDFNWRGLVQ513VDQGZHUHQHYHUDYDLODEOHIRUSXUL¿FDWLRQ
DQG FKDUDFWHUL]DWLRQ XQWLO QRZ8DWDF RFFXUV LQ DPXFK ORZHU DEXQGDQFH WKDQ8 VQ51$
WKHUHIRUH WKHSXUL¿FDWLRQRI WKHSRVWVSOLFHRVRPDO8DWDFVQ513 LVQRWD UHDOLVWLFJRDODW WKH
PRPHQW 7KHUHIRUH WKH DWWHQWLRQ ZDV IRFXVHG RQ WKH 8 VQ513$W ¿UVW WKH VHGLPHQWDWLRQ
RI SRVWVSOLFHRVRPDO 8 VQ513 ZDV GHWHUPLQHG E\ JO\FHURO JUDGLHQW IUDFWLRQDWLRQ XQGHU
QDWLYHFRQGLWLRQV ,WSHDNHG LQ IUDFWLRQDVD6FRPSOH[ )LJXUHSDQHO1('S
SRVWVSOLFLQJ3ULRUWRVSOLFLQJ8VQ51$ZDVSUHVHQWRQO\LQ88DQG888VQ513V
ZLWKSHDNVLQIUDFWLRQVDQGUHVSHFWLYHO\)LJXUHSDQHO1('SIUDFWLRQGLG
QRWFRQWDLQGHWHFWDEOHOHYHOVRI8VQ51$7KHVLQJXODU8VQ513DFFXPXODWHGLQIUDFWLRQ
HLWKHUZLWKRUZLWKRXWLQFXEDWLRQXQGHUUHF\FOLQJFRQGLWLRQV7KHUHIRUHWKHSRVWVSOLFHRVRPDO8
VQ513LVDVOLJKWO\ODUJHUFRPSOH[WKDQWKHVLQJXODU8VQ513
,QLWLDODWWHPSWVZHUHPDGHWRSXULI\WKH8VQ513IURPSGHSOHWHGH[WUDFWVE\DQWL70*
LPPXQRDI¿QLW\ FKURPDWRJUDSK\ )LJXUH  DQG E\ DI¿QLW\ VHOHFWLRQ XVLQJ DQ DQWLVHQVH
ELRWLQ\ODWHG ¶2PHWK\ODWHG 51$ ROLJRQXFOHRWLGH )LJXUH  +RZHYHU XQWLO QRZ WKH
SURWHLQ FRPSRQHQWV RI WKH SXUL¿HG SRVWVSOLFHRVRPDO 8 VQ513 DUH QRW LGHQWL¿HG IXUWKHU
H[SHULPHQWVDUHUHTXLUHGWRVKHGOLJKWRQWKHFRPSRVLWLRQRIWKLVLQWHUHVWLQJFRPSOH[
 ³7KHSVHXGRVSOLFHRVRPHF\FOH´'LVUXSWLRQRI88DQG8DWDF
8DWDFKHWHURGXSOH[HVLQGHSHQGHQWRIVSOLFLQJ
,WKDVEHHQVKRZQ WKDW8GHSHQGHQW VSOLFLQJZDV IXOO\ LQKLELWHG LQH[WUDFWV LQFXEDWHGZLWK
8DQWLVHQVH'1$ROLJRQXFOHRWLGH)LJXUHSDQHO0LQ[SUHP51$7KHROLJRQXFOHRWLGH
WDUJHWHG WKH UHJLRQ RI8 VQ51$ UHVSRQVLEOH IRU UHFRJQLWLRQ RI WKH EUDQFK VLWH ,WPD\ EH
DVVXPHGWKDWWKHVSOLFHRVRPHDVVHPEO\ZDVLQKLELWHGDW$FRPSOH[VWDJHEHIRUHWKHWULVQ513LV
DEOHWRMRLQDQGIRUPWKH%FRPSOH[7KHUHIRUHVSOLFLQJGHSHQGHQWGLVUXSWLRQRI88GXSOH[LV
'LVFXVVLRQ
QRWH[SHFWHG,QWHUHVWLQJO\ZKHQVXFKH[WUDFWDOVRGHSOHWHGRISZDVLQFXEDWHGXQGHU8
GHSHQGHQWUHF\FOLQJFRQGLWLRQVVLQJXODU8DQG8VQ513VDFFXPXODWHGLQDGGLWLRQRIWKHLU
DWDFYHUVLRQV)LJXUH7KLVLVDFOHDULQGLFDWLRQWKDW88KHWHURGXSOH[FDQGLVLQWHJUDWH
LQGHSHQGHQWO\ RI VSOLFLQJ 3UHYLRXV VWXGLHV UHYHDOHG WKDW ERWK KXPDQ DQG \HDVW WULVQ513
FRPSOH[HVDUHXQVWDEOHLQWKHSUHVHQFHRI$737KHUHOHDVHRI8ZLWKLQWKHVSOLFHRVRPDO%
FRPSOH[LVSURPRWHGE\WKH$73GHSHQGHQW51$KHOLFDVH8.\HDVW%UU/DJJHUEDXHU
HW DO 5DJKXQDWKDQ DQG*XWKULH DZKLFK LV D FRPSRQHQW RI8 DQG888
VQ513V,WLVSRVVLEOHWKHQWKDWWKHVDPHKHOLFDVHFDQZRUNLQGHSHQGHQWO\RIVSOLFLQJWRXQZLQG
WKH88GXSOH[ZLWKLQWKHWULVQ513
7KHHTXLYDOHQWWHVWIRUVSOLFLQJLQGHSHQGHQW8DWDF8DWDFGLVUXSWLRQDIWHUSUHLQFXEDWLRQZLWK
DQWL8ROLJRQXFOHRWLGHZDVQRWSHUIRUPHG+RZHYHULWLVOLNHO\WKDWDQDQDORJRXVSURFHVV
DOVR RFFXUV ZLWK WKDW FRPSOH[ :KHQ SGHSHWHG H[WUDFW ZDV LQFXEDWHG XQGHU UHF\FOLQJ
FRQGLWLRQV LQ WKH DEVHQFH RI 6&1$(1+ SUHP51$ D SDUWLDO DFFXPXODWLRQ RI VLQJXODU
8DWDFDQG8DWDF VQ513VZDVREVHUYHG )LJXUH FRPSDUHPLGGOHDQG ULJKWSDUWV ,W
LVQRWOLNHO\WKDWWKLVDFFXPXODWLRQLVGXHWRVSOLFLQJRIHQGRJHQRXV8W\SHSUHP51$DV
GLVFXVVHG LQ VHFWLRQZKLFK OHDYHVRQO\ WKHSRVVLELOLW\ WKDW LW RFFXUV WKURXJK D VSOLFLQJ
LQGHSHQGHQWPHFKDQLVP'LVLQWHJUDWLRQRI WKHDWDFKHWHURGXSOH[ZDV$73GHSHQGHQW)LJXUH
OHIWSDUWVWUHQJWKHQLQJWKHDQDORJ\ZLWKWKHGLVUXSWLRQRI88
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)LJXUH  6SOLFLQJGHSHQGHQW DQG VSOLFLQJLQGHSHQGHQW GLVUXSWLRQ RI WULVQ513
FRPSOH[HV
7KH888 VQ513 LV FRQYHUWHG WR VLQJXODU88 DQG8 VQ513V YLD WZR GLVWLQFW SDWKZD\V
VSOLFHRVRPHDVVHPEO\DQGFDWDO\VLVULJKWVLGHDQG$73GHSHQGHQWGLVUXSWLRQOHIWVLGH7KHVLQJXODU
VQ513VSURGXFHGHLWKHUE\VSOLFLQJGHSHQGHQWRUVSOLFLQJLQGHSHQGHQWPHFKDQLVPDUHUHF\FOHGEDFNWR
WULVQ513VLQWKHPLGGOH7KHDQDORJRXVF\FOHVRIWKH8DWDF8DWDF8VQ513DUHQRWVKRZQ

,QFRQFOXVLRQWKHDFFXPXODWLRQRIVLQJXODUVQ513VLQSGHSOHWHGH[WUDFWLQFXEDWHGXQGHU
UHF\FOLQJFRQGLWLRQVDSSHDUWREHGXHWRWZRGLVWLQFW$73GHSHQGHQWSURFHVVHV)LJXUH
7KH¿UVW RQH LV8 RU8GHSHQGHQW VSOLFLQJ DQG VHFRQG LV WULVQ513GLVLQWHJUDWLRQ7KH
ODWHUSURFHVVPLPLFVWKHDVVHPEO\DQGFDWDO\VLVSDUWVRIWKHVSOLFHRVRPDOF\FOHDVLWSURGXFHV
VLQJXODU8DWDFDQG8DWDFVQ513VDVZHOODV8VQ513SUREDEO\LQLWV6IRUP,WFDQ
EHFRQVLGHUHGDVDVKRUWFXWWKDWJHQHUDWHVSRVWVSOLFHRVRPDOVQ513VGLUHFWO\IURPWKHVSOLFLQJ
FRPSHWHQWWULVQ513V
SGHSHQGHQW UHF\FOLQJRIPDMRU DQGPLQRUGLVQ513PXVW WKHUHIRUHFRPSHQVDWH IRUERWK
VSOLFLQJDQGWULVQ513GLVUXSWLRQ$VHFRQGF\FOHVKRUWHUWKDQWKHVSOLFHRVRPHF\FOHEUHDNV
GRZQDQGUHVWRUHVWKHWULVQ513V&XUUHQWO\WKHUROHRIWKLV³SVHXGRVSOLFHRVRPH´F\FOHLVQRW
FOHDUEXWLWPD\SURYLGHDPHFKDQLVPWRFRQWUROWKHVSOLFLQJHI¿FLHQF\DWUHF\FOLQJOHYHO
 3XUL¿FDWLRQRIWKHVLQJXODU8VQ513IURP6H[WUDFWDQ
LQWHUPHGLDWHLQ8VQ51$PDWXUDWLRQ"
8RFFXUV LQH[FHVVRI8VQ51$DQGIRU WKDW UHDVRQFRQVLGHUDEOHDPRXQWVRIVLQJXODU8
VQ513DUHW\SLFDOO\SUHVHQWLQKXPDQFHOOVDVZHOODVLQFHOOXODUH[WUDFWV<HWWKHVLQJXODU8LV
WKHOHDVWZHOOFKDUDFWHUL]HGVSOLFHRVRPDOVQ513$FRPSOH[RI/6PSURWHLQVWR$FKVHOHW
DO/DSURWHLQ3DQQRQHHWDODQGS%HOOHWDOKDYHSUHYLRXVO\EHHQ
VKRZQWRDVVRFLDWHZLWK8VQ51$JHQHUDWLQJDKHWHURJHQHRXVSRSXODWLRQRI8VQ513V
,WLVEHOLHYHGWKDW8XQOLNHWKHRWKHUVSOLFHRVRPDOVQ513VUHPDLQVH[FOXVLYHO\LQWKHQXFOHXV
+RZHYHUD ODUJHIUDFWLRQRI8VQ513LV IRXQG LQ WKHF\WRSODVPLF6H[WUDFW IURP+H/D
FHOOVZKLFKSUREDEO\LVGXHWROHDNDJHGXULQJH[WUDFWSUHSDUDWLRQ7KHUHIRUH+H/D6FRXOG
EHDXVHIXOVRXUFHIRUSXUL¿FDWLRQRIWKHVLQJXODU8VQ513VLQFHWKHUHLWLVPRUHDEXQGDQWWKDQ
WKH88DQG888VQ513V
$I¿QLW\ VHOHFWLRQ XVLQJ DQ DQWLVHQVH ¶2PHWK\ODWHG ELRWLQ\ODWHG51$ROLJRQXFOHRWLGHZDV
HPSOR\HGWRSXULI\DQGFKDUDFWHUL]HWKH8VQ513IURP6H[WUDFW6HYHUDOROLJRQXFOHRWLGHV
ZHUH WHVWHGDQGRQH WKDWDQQHDOVFORVH WR WKH¶HQGRI8ZDVFKRVHQ VLQFH LW VHOHFWHG8
VQ513 HI¿FLHQWO\ VHH VFKHPDWLF )LJXUH  ZLWK RQO\ PLQRU FRQWDPLQDWLRQ RI 88
VQ513 )LJXUHSDQHO$7KH FRVHOHFWHG88 VQ513ZDV HOLPLQDWHGE\ DQWLVHQVH
'1$ ROLJRQXFOHRWLGHPHGLDWHG 51DVH + FOHDYDJH RI 8 )LJXUH  ,QWHUHVWLQJO\ WKH
VHOHFWLRQ IURP+H/D QXFOHDU H[WUDFW XVLQJ WKH VDPH ELRWLQ\ODWHG51$ ROLJRQXFOHRWLGHZDV
YHU\LQHI¿FLHQW3UHGRPLQDQWO\88VQ513ZDVVHOHFWHGGDWDQRWVKRZQ7KLVVXJJHVWVWKDW
WKHVLQJXODU8VQ513VLQQXFOHDUDQG6H[WUDFWVGLIIHUQRWRQO\LQDEXQGDQFHEXWDOVRLQ
FRPSRVLWLRQDQGRUVWUXFWXUH
1HLWKHUSQRUWKH/6PSURWHLQVIDFWRUVDVVRFLDWHGZLWK8GXULQJWKHVSOLFHRVRPHF\FOH
ZHUHFRVHOHFWHGZLWK8IURP6H[WUDFWV7KHDEVHQFHRISZDVFRQ¿UPHGE\:HVWHUQ
EORW)LJXUHPLGGOHSDQHOXQIRUWXQDWHO\DQWLERGLHVDJDLQVWWKHKXPDQ/6PSURWHLQVZHUH
QRWDYDLODEOHDWWKDWWLPH7ZRRWKHUSURWHLQVZLWKDSSDUHQWPROHFXODUPDVVHVRIDQGN'D
ZHUHVSHFL¿FDOO\HOXWHGZLWK8VQ51$)LJXUHSDQHO%7KH¿UVWRQHZDVFRQ¿UPHG
E\:HVWHUQEORWWLQJDVWKH/DSURWHLQ)LJXUHOHIWSDQHOWKHVHFRQGRQHZDVLGHQWL¿HGE\
'LVFXVVLRQ
PDVVVSHFWURPHWULFDQDO\VLVDVSWKHWUDQVODWHGSURGXFWRI$.P51$/DSURWHLQLVD
FKDSHURQHRIWKHQDVFHQWSRO\PHUDVH,,,WUDQVFULSWVLWELQGVWRWKHLU¶SRO\XULGLQ\ODWHGHQGVDQG
LQFUHDVHVWKHLUVWDELOLW\SLVDSURWHLQRIXQNQRZQIXQFWLRQ,WLVZHDNO\VLPLODUWRWKH\HDVW
123DQXFOHRODUSURWHLQLQYROYHGLQULERVRPDO51$SURGXFWLRQDQGIRUPDWLRQRI WKHODUJH
ULERVRPHVXEXQLWV6XQDQG:RROIRUG6XQDQG:RROIRUG7KHGRPDLQDQDO\VLVRI
SSUHGLFWHGIRXU550PRWLIVFKDUDFWHULVWLFIRU51$ELQGLQJSURWHLQV)LJXUH
7KHDI¿QLW\VHOHFWLRQGLGQRWSURYLGHGH¿QLWLYHHYLGHQFHWKDWSZDVDVVRFLDWHGZLWK8VLQFH
LWFRXOGKDYHEHHQERXQGDOVRE\ WKHELRWLQ\ODWHG51$ROLJRQXFOHRWLGHZKLFKZDVDGGHG LQ
H[FHVVRYHU8VQ51$
$ *67S IXVLRQ SURWHLQ WUDQVLHQWO\ H[SUHVVHG LQ +(. FHOOV ZDV ORFDOL]HG WR WKH
QXFOHRSODVP7KHUHIRUH S LV QRW D QXFOHRODU SURWHLQ OLNH WKH \HDVW123 DOWKRXJK LWZDV
HQULFKHGDWWKHSHULQXFOHRODUVSDFH)LJXUH7KH*67SXOOGRZQDVVD\UHYHDOHGWKDWSLV
DSRWHQW51$ELQGLQJSURWHLQDVVRFLDWHGSUHGRPLQDQWO\ZLWK6DQG6U51$V)LJXUH
SDQHO%EXWDOVRZLWK8DQG8VQ51$V)LJXUHSDQHO&,QVXPSUHSUHVHQWVD
QRYHO8VQ513SURWHLQ+RZHYHULQFRQWUDVWWRSSURWHLQLWLVQRWH[FOXVLYHO\8VSHFL¿F
EXWLQWHUDFWVDOVRZLWKRWKHU51$V
$VWKHSUHVHQFHRI/DSURWHLQLQGLFDWHVWKHDI¿QLW\VHOHFWHG8FRPSOH[LVSUREDEO\QRWIXQFWLRQDO
LQVSOLFLQJLW LVDQLPPDWXUH8VQ513SLVFRQFHQWUDWHGDURXQGWKHQXFOHROLDQGVKDUHV
OLPLWHGKRPRORJ\ZLWK\HDVW123DSXWDWLYHU51$SURFHVVLQJIDFWRU,QWHUHVWLQJO\QDVFHQW8
WUDQVFULSWVDUHWUDQVLHQWO\ORFDWHGWRWKHQXFOHROLZKHUHWKH\DUHSRVWWUDQVFULSWLRQDOO\PRGL¿HG
*DQRWHWDO7\FRZVNLHWDO8LVWKHPRVWH[WHQVLYHO\SVHXGRXULGLQ\ODWHGDQG
¶2PHWK\ODWHGVQ51$DQGWKHPRGL¿FDWLRQVDWLWV¶SDUWDUHHVVHQWLDOIRUVSOLFLQJ<XHWDO
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